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pss & AP rls L* 


eet 
Read Rollers & "Tractors. 


A. umford, | td., 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY aNd War Orvice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FHED PUMPS. 

See Advertisement, pagés 29 and 61, last week. 


PATENT WATER-TUBR BOILERS 
MATIC FRED REGULATORS, 


And A ied to the 
n Pie a A Machinery suppl pee 


J ohn H. W atson&(o., Ltd., 
Rirkanhead: 


See Illustrated Advertisement Page 100, Jan. 28, 1921. 


Locomotive ShuntingCranes 
ee and Eectric Cranes, 


EXCAVATORS ee sare GRABS, 


CONCRETE-MIX ERS 
SHIPS" WINDLASSES WINCHES, and 
K MACHINE ERY i 


List oF Staxparp Sisn Sizes on APPLicaTIon. 


London Office: 15, VICTORIA STREBT, 8.W. 1. 
~ FOR 


rop F orgings 
write 
GARTSHBRRIE ENGINBERING & FORGE OO., 
ellington Street, Glasgow. 9674 
Jank Locomotives. 
pcm = and Workmanship equal to 
ne Locomotives 


R.2W. HAWTHORN LESLIE 4 0O., fee 
Evermerrs, NEWCASTLE-ON. 


pencer- [Jo wood” I Patent 


Sole Makers : ilers. wipe t os 


SPENCER - BONECOURT, Lrp., 
Parliament Mansions, Victoria St., London, sw. 


SIROCCO AND STURTBVANT FANS. 


We have have a Large Stock of all 


standard sizes, No. 3 to 12 inclusive (15 in. 
oa 60 in. diameter Runners), ex various Government 


* guarantee condition, new or equal to new 
and supply be aeirt aw discharge for any drive. ; 


welcomed. 
PROGRESSIVE, ENGINESRING Co., LTD., 
Leicester. 































































































































































































Ke J. Davis, M. Ht. Mech. E., 
“Cpon.s Sven 29 Boeperted, ested ond 

isan tat er itratford. Wire, he oo Raat Lendon.” 
Bastern Road, Stratford, B. 15. 1794 











Steam Hammers (with or 
TOOLS for SHEPBULLD EES joie Sonica 
Brett’ x Patent | iter Co 
Hamners, I ‘Presses, Furnaces, 
Bever Dorli ng Co., Lad. 


BRAD 

HIGH-CLASS ENGINES ALL 

siso WINDING, mittee ate COMPRESSING 
and PUMPING ENGINES. 1896 


ranes.—E] 
Bepaagiie ure xasnee 


GEORGE waueeaLt 2 6 Yu 
3 ty » Lev. 
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Weidices 37 Seat Fae 











PRESSORS, 250 Volts D.O. 
9753 


arrow & Co., Ltd. 


¥- SHIPBUILDERS AND ENGINEERS, 
gpg tt Ow. 


SPEEDS UP TO 45 MILES AN HO 
PADDLE OR SCREW STEAMERS OF 
EXCEPTIONAL Suattow Dravenrr. 


Repairs on Pacific Coast 


P YARROWS, LSTESD, Vitede, British 
SHIPEUILDERS, SHIP REPAIRERS AND ENGINEERS. 


APRIL 14, 1922. 
les Limited, 


ce) 
IRs, NRERS, IRLAM, MANCHESTER. 
FEED.W nny HEATERS, 

CALORIFIBRS, BVAPORATORS,> ,ROwS 


eres, an} HERAT. 
Merrill's N 8ST BRS for Pump 


ms A... 
SYPHONIA STEAM TRAPS REDUCING a 
High-class GUNMETAL STEAM F Gs. 
ATER SOFTENING and FILTERING, 5723 


°[ arrow Patent 
yee Boilers. 


YARROW 2 OO. UNDERTAKE ‘ne 
PRESSING ry MACHINING of the various vod 











Boilers. 
See page 17, April 7. 


[the Mitchell (Conveyor and 


TRANSPORTER CO., LTD., 
Corrractine En@Inrrnrs. 








DESIGNERS and BUILDERS 
of 
all Olasses of HANDLING MACHINERY. 


a Hou 
Holborn bmw mg ° BO. 
1, 


Tel ms: * ns” a London.” 
Telewhone: Holborn 286. ’ 


[ihe Glasgow Railway 
Engin eering Compan 
OV. pon Be, P a? 
London Office—12, Victoria Street, 8.W. 
MANUFACTURERS OF ‘ 
RAILWAY meme ry WAGON & TRAMWAY 
& AXLES. 


CARRIAGE & WAGON IRONWORE, also 
CAST-STEEL AXLE BOXES. 


Diced Engines, Six Cylinder, 


twe and four stroke, 850, 1000, 1200 HP. 
Excellent condition, 
Volts, D.C. Tenmediane aoheeer 
Also 2-500 Kw. PARSONS TU 


9759 








Dynamos for above 260 or 500 
BIN 8, 250 or 


3000 lbs. per square inch. 
JENNINGS, 
West Wall, Newcastle-on-Tyne. 9742 


Pp & W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 


MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 


RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 

Chief Offices: 129, Trongate,Giaseow. Od 8547 
Registered Offices: Clutha H 10, Princes 8t. 

Westminster, London, Sw: 1. > 


[P= (fice. 
All classes of mechanical and structural work 
undertaken. Special plants designed and super- 
vised during erection. Contracts for plant and 
machinery handled and supervised throughout. 
OWEN & CRISP, 








1A 


ampbells & unter, J td. 
Cempbale & Fonte. Pye] Poin snd Pisin 
SPECIALISTS IN G tewarts and Lord's L- 
Drillers & Boring Machinery|,_.,,. gh QSWALD st. GLASGOW. 
for Engine Works and Boiler Shops. ond LONDON pn BO. 
DOLPHIN FOUNDRY, LEEDS. 4547 LONDON WAMRHOUSI 0, to), Ura, taantaa FI. 
MANCHESTER WARKHOUSH 94, Deanseare. 
VosPER & Uo. Lav, PEA ge oe 
ENGINESES & BOILER MAK URS. Sen havortiommnest, Pay page 26. 9952 
( lochran anase una 7 TYPES. Hyconomy ! 


HIGH BOILER EFFICIENCIES 
ARE OBTAINED BY INSTALLING 


['odd Qi! Brrzers 


FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 
49-51, Hastcueap, Loxpor, B.C. 8. 

TODD SHIPYARDS CORPORATION, 
ni” (anh nae 
Twenty-one Floating Docks, Two Graving Docks, 

Twelve Shipways. 


B.. seca New York, U.S.A. 9960 








ON ADMIRALTY LIST. 


Kirkaldy, Ltd., 


London Office: 101, Leapewnats Sr., B.C. 3. 





J ohn 


Works: Buaywr Mri, Tye gl Hagtow, Rasrx. 
Eva ont —< Plants, 
ce-Making Machinery. 
— eaters, . 
ve, 
Freeh Water I Distillers. 
Main Feed Pui 
Combined Circulating and = Pumps. 
Auxiliary Surface Condense 
&c. &c 9604 





Time Recorder, as New, 


teed, latest model. WHAT OFFERS ? 
. PELLEY, 149, 49, Farringdon Road, 8.0.1. 


Fy leectric (jranes. 
r[taversers. 





S. H. HEYWOOD & Co., Lep., 





of Yarrow Boilers, such as the Steam 
tactiieion 
Lrp., Soorsrour, GLaseow. 
John 
ComsTRUCTION AL sina Ft 1216 
Eys, Rivertep Sream and V @ 


Pockets, and Superheaters for British and 
Bellamy L pated, 

Boilers,’ Tanks & Mooring Buoys 

Curmx 

Pires, Hoppers, Sprecia Work, 


ores not ROW 2 60. Lee necessary 
count ta LONDON, 8B. 
Perro. Tawxs, AIR REeIvEND, Sree. 
ENTILATIN 
ALL KINDS, 





TTurst, ree OT ul td, 
urs e n *9 

LS See ial Srock nine” 
He, Wiihtson & Co. 


LIMITED. 


See Advertisement page 63, Apri! 7, 


Matthew pel & (Co Li 
Levenrorp Works, Dumbarton. 0618 


See Full Page Advt., page 62, March 31. 
['aylor & (Shalien 


resses 











8196 
About 200 NEW PRESSES in Stock in our 
Showrooms for gma S Ta a J at specially 


rices, 
TAYLOR & OHALLEN Lrp., Bugineers, 
Constitution Hill, BrammvemaM. 
See Full page Advertisement, page 56, March 31. 


ailway 
G witches and 


(rT ossings. 


Tf. SUMMERSON & SONS, LIMITED, 
DaR.ineron. 


GOLD MEDAL-Ixventions Bxursirion-Awampen. 


Drckham’ 8 Patent Su a 


wee Rg tie 

ROAD ee G WORKS COMPANY, Lrp, 

Lonpor, E Hydrant Cranes, Grain Blevators, &c. 
See Illus. Advt, last week, page 15. 9766 











W araoopo-Orisg 


Lirts. 


& 65, Ferrzn Lanz, LONDON, B.C. 4, 
& 68, Liowes Srrerr, BIRMINGHAM. 
and Principal Provincial Cities, 





GRAaPHITED 
OIL. 
— 


“OILDAG” 


(Reg.) BRAND. 


GEnase. 
“GREDAG” 


E.G. Acheson Li 


Gma 
W. 


“AQUADAG” 


(Reg.) BRAND. 








__ Se ia, 














ig eee a ee a le 
Iron and Steel Tux Giaseow Routine SToox awp PLawT Wonks. a Steam 
[lubes and Fittings. ust, Nelson & Co., Lid., ae'T & Pneumatic Power 
WAXYCARRIAGES,WAGONS 
Sele Licensees in Great Britain for the manufacture | HLMOTIC and EVERY OTHER Hammers 
of “Armco” Rust and Corrosion Resisting Iron rary 6 ee AY ne rly eX D Stamping Pl 
sian Oren neice tor Give. | Repeaion etal ee titel DB. & B, aat Ltscament_| 

















rine Manchester Steam Users’ 
‘or the en ae See bolier and 
forte wey in the Applicetion 


TLLIAM at 
Certificates ot Bal ety issued under the Fact 
meh pnw Be Act, -_ Com for s 
an es n case of. Explosions. 
and Boilers boca during construction. 
1922. J. 027. 


In THE Hiex Court or Justice, 
Cuancery Division. 
MR. JUSTICE SARGANT. 


IN THE MATTER OF J. G, WHITE & COMPANY 
LIMITED a REDUCED 


IN THE MATTER OF THE pruratns 
(CONSOLIDATION) ACT 1108 


Notice is Hereby Given that 


a Petition for confirmati 
the ae ital of the named Geng from 
divid Tato 180,000 preference shares of 21 
on + 200,000 ‘nae shares of £1 each, 70,000] OO 
unissued ordinary shares of 21 each and 200,000 
unissued ordinary shares of 5/- each to £350,000 
divided Inte 180,000 preference shares of £1 each, 
200,000 ordinary ‘shares of 5/- each, 70,000 ordi 
shares of £1 each and 200,000 Fees =f shares of 
each, and that such reduction effected ty 
cancelling i up capital which hee? been lost or 
unrepresented by available assets to the extent of 
15/- per share on each of the 200, 000 issued o 
shares and by red the 
issued ordinary shares from #1 to BY. —- was on 
the 20th Maroh 1922 presented to His Majesty's 
Hi Court of Justice, and is now , and 
notice is wereny given that. the said Pett is 
directed to be heard before Mr. Justice Sargant at 
the Royal Courts of Justice, Strand, London os 
Tuesday the 9th May 1922, when any 
interested as S creditor, shareholder or ehureioe 
amd desirin, sores to the making of an order 
m the said Petit on may attend personally or by 
unsel and will be heard, 
Dated the 10th day ef April 1922. T 969 
JULIUS EDWARDS & JULIUS 
8, Old Jewry London, AO. 2, 
Soliciters to the Company. 











poy 








(Sorrespor ndence Courses for 
nat. I. Mech. B., L Pracle 
NERRING EXAMS: “3 ‘Courses and 


Subjects. Personal t 

apply to Mn. TRvORW. Pinus, Bde. (toms. Hom). 
Assoc.M.Inst.0.B., 

Chambers, 58, South join Street, “oie aod 515 








p< C.E., I. Mech. E., B.Sc.,}. 


and all tee, Bh a he Examinations,—Mr.G. P. 


pes iam Te FS.L, 
hoent L., PREPARES Chatbib a BS personally 
or by correspondence. re. successes 
during the last sixteen year “ye ~E- may com- 
mence at any time.—39, Victoria St., Westminster 
8.W. Tel. 4780 Victoria. 58 


nst.C.E. Exams.—Successes 

as usual last Bxam. by Oorrespondence Coach- 

Successes by hundreds, several prizes. Sec. 

» embraces years’ professional experience. 
‘Adress, 74%, Offices of Bn@InkERiINe. 


Penn ingtons, University 

TORS, 254, Oxford Manchester. 
Rstab. 1876, Enrol now for 1.C. Brena and I.M.B. Postal 
Courses, 100 per cent. passes last . Reinforced 
Ooncrete —a new comprehensive course under 
expert engineer, £23 3s. rite for particulars. 9750 


Crystal Palace 
Practical Engineerin er apies a Oe 
Principal, J. W. WILSON MLO. h.B. 


The New Course vil amiiegs on WHDNSDAY, 
APRIL 26. 














a - 





TENDERS. 


THE HIGH COMMISSIONBR FOR ‘INDIA 


is prepared to receive 


STREL “BHERTS for tube making. 
Forms of Tender may be obtained from the 
Director-General, India Store De ment, Belve- 
dere Road, Lambeth, §.B.1, and Tenders are to be 
delivered at that Office not later than Two o'clock 
p.m, on Friday, the 5th Mer, 19232, 





COUNTY BOROUGH OF BRIGHTON, 
The Corporation weg 


[renders for the 
DELIVBRY, and BREOCTION at ‘4 
Station, Southwick, near Brighton, of 
() One 6,000 Kw. Normal rati 
BXCI 


= 
TURBO. 
ALTERNATOR and ‘fer, 


with 
CONDENSER, = complete with all 


necessary Accessor 
(m oa 


upply, 


‘ower 


vy es. 

House Service GEARED TURBO. 
RIVEN D.C. GENERATING PLANT, 

com prtsin twe 200 Kw. oy ai volt. 
Shunt Wound Generators tandem, 
complete with Condenser and ail necessary 


Accessories 
Specifications saa any further Lay meet ma 
be obtained on application to the Bn 
Aha Mr, Jonny So eeige: Blec' y y Dapast- 
ment, Nort: » on payment to him of 
the sum of 49 fe: andl ts. for (i) and respec- 
wing, These amounts will apt tenn! only if 
— Tenders are submitted and not withdrawn. 
Sealed inders marked ‘Tender for Turbo. 
Alternator” and “Tender for 
Turbine” respectively, must be 
undersigned not later thau Twelve Noon on Monday, 
the 8th , 1922, at the Town Hall, Brighton. 
The Corporation do not bind themselves to accept 
the lowest or any Tender. 
HUGO TALBOT, 
Towa: 


Town Hall, Bri pan 


Ist A April, 1 T 978 


Tenders, for ihe “Hap 


School of|e 


T 943 “rs 


enders for the Supply S 


¥ 4 


oo ae eka a3 a; 
< 


. MNGINEE RING. 


~ TApRIt 1g, To22. 








CORPORATION OF DUBLIN. 
The ‘sets ommisiee of ‘the the Corporation of 


ppl rene 
Pan so P Otonen ‘of - in. sen. 

BUSH sa SCHR of 
can ey aoa ed on fteation to to the undersigned 
feowesn the hours of and 4, Saturdays excepted. 
enders, on ag 4 rashes,” 
be ye ly itreete Com- 
mittee, Municipal Bull Hill, Dublin, ana 
should be delivered not pa Twelve Noon on 


The does not bind itself to accept the 
lowest or any hag 


y Order 

¥ "JOHN J. MURPHY, 
Clerk ; Secretary Streets itreets Committee. 
Buildings, 


March 28th, 1922. T 945 


Ke Sale by Public Tender. 


To close the 2nd A Ree 
on, BUSINESS of the he BE ISH CARBONIZING 
Limirep, Manufacturers of Metallic Grind- 
ing Bodies, and Appliances, and Proprietors of the 
Valuable Patents in connection Leen ys 
The whole of the satupieg we 1 be sold as a 
going concern, It is in full working order, ons Kd 
present has an jar gd of 10 tons per week, w 
could-be considerably there being a eee 


Munici 
Da 





manufactures, 
The premises are ena fet freehold ; the ee 
are conveniently arrang comprise 
Tool seam, Store Reom, Yard, S Dwelling house w 
ground floor fitted as Offices 
ay will be on view as from the 24th 
ril to ist seule 1922, 
a li pera Bp eg of Sale, Forms 
o 


nina’ es LiSat Sa et 
a * 

Messrs UAET SMITH, BAKER, “and “— 
Accountants, all of Gloucester. 


[he Corpo rations of Middles- 
BROUG Sig eh ON-TBES and 
Srereking of she tsp Ar mene Company 
n Im weg 
Tie “s the Boroughs, ° FOR 
ALE s of —_ LAND’ BUILDINGS, 
aon BRY, and PLANT which are not 
required b the Pes er in connection with 
the running 


ae a Be, Sem 
a are as follows ;— 
a ) —_ utilised by the ‘Imperial Tramway 
Company for the purpose of generating electricity 
and consisting of :— 
Power house, measuring or containing 335,610 





Boller house containing 193, ~~: ee ft. 

Offices containing 21,546 cub 

Smoke Stack-of best ‘pressed ‘oriole and lined 
with fire bricks. 

All nec foundations for the machinery, 

A oer. ft. long St teh on the River 


e timber and 
jo nd deal with 336 sq. pitching. 
ge Walls toget net reehold laud 
m which the buildings are erected and 
jacent and incident thereto containing 
sq. yds. or thereabouts, 
The buildi are buijt of best poms brick ; the 
Power House g lined with glazed bricks. 
The Power Station is dung en with 3 Corliss 
horizontal, compound conden nes, direct- 
— to 8 phase, 45 cycle generators, 
2 Rotary Converters 25 cycle wound | to give 500 to 
550 volte on D.C. side, Rotary Converter Booster, 
Switchboard, Overhead Travelling Sore, Motor- 
driven Centri: 1 Circulating Pump, 3 Babcock 
and Wilcox ers, evaporation 12,000 Ibs. with 
ond Mechanical Stokers, Blectrie Motor for 
Mechanical Stokers, Green's Economiser, 
Bester. Coal Blevator pase with Avery's 
her) Blectric Grab Orane, Cables, 
Piping, Elec Lighting equipment and other 
forms of plant and ——- necessary for a fully 
ectricity Generating Station. 
- < of the above are situate and adjacent 
» Stockton-on-Tees, and abut upon 
the anes Teen a little to the west of the Victoria 
which crosses the Tees at or near to that 


int. 

The gm 4 which were erected about 22 years 

ago are built in a most substantial manner and are 
order and condition 

e Plant has likewise | been kept in first-class 


"dicen 

ition to the above, there is also for sale :— 
Plant and Machinery in the Newport Sub- 

st Hon alta ae in poh oN re Road in the Borough of 


Midd 
Gonvertens & phase Air-cooled 
‘Tia ormers, ce 


panels, and all 
ing plant now at sites Road 
cightrldge, i Hy traulle Lifting Jack, Axle 
= sl ut Ligh Sno Hydrate 

e now Swee 
oA Amaslance. ° 7 
TENDERS “ine ENVITRD FOR THE PURCHASE 


ql.) baer — Buildings, Machinery and Plant 
above meee ake in or near to 


(3) Also the ony 
Premiere Stockton: 


Bridge ows, Stoc 
(2.) The Plant and lone the Newport 


Sub-Station. 
(3.) The Miscellaneous Plant 6r alternatively 
under the head of—l, 2 and/ djor 3 
separately or any two of them. 
Particulars and Conditions of Sale and permission 
to view can be obtained from the undersigned, to 
either of whom sealed hee must be sent no 
later than May 30th, 1922 
Please mark enyelopes “Tenders for Tramway 


or 
The 8 give no undertaking yee = 
either the —. » ak any ether Tender or Tend 


matey ee 
PaEBTON KITCHEN, 
Town Clerk and Clerk to the 
Buildin s, Midd uatetpal | onmarried 
THOS. DOWNY, oF ‘a 
Town Clerk to 
Stockton endThoraebydciattreee, 
ways 
Tees. ; 





<6. Sek aa aed: at ai 


a 


increased, 
inereasing demand for the Company's | * 


the Tramway Undertaking | 5° Ser 


Rneramae se” RURAL DISTRIOT COUNCIL, 


BOLLING. _ 
lindas 's are Invited for the 
HIRE of » 10.42 ton STRAM ROLLER, in-the 
+ we aggre fora of six months 


Wednesiay, 
myard. 
APPOINTMENTS OPEN. 


April 4th, 1922. 
BOMBAY PIPE LINE. 


Braithwaite & Co., En 


Ltd., REQUIRE the SBRVIO a Good, 
age Energetic GENERAL MAN AGER ‘ter the 
The must be a good 


Seavaieore and have ‘had experience in the manu- 
facture ay erection of ene site” and all 
must be 


labour. 





por} 


AiAat. 





ata 


2 3 Firgineer 


e “beinning of Aug August, 1922, 

a home 

satisfactory wsomapienion of comeneet. The 

selected candidates will be required to pass a strict 

mm let af napitcatte ving particulars of 

e letter of application, cu ts) 

licant’s general and 1 ole seat alatng, and 

ing in chronological order (with dates) where 

and how he has been employed, with particu of 

the ¢ of work, together r with copies of three 

recent testimonials, should be addressed to The 
SECRETARY, Brairuwalre & Oo., 

Lté., 117, Victoria Street, London 


should be received not later than April 28th. T 924 


April 4th, 1922; 
BOMBAY PIPE LINE. 





raithwaite & Co., Engineers, 
., REQUIRE for their Office in Bomba 
the SEEVIONS of a good, capable, energetic CHIE 
DRAUGHTSMAN. The candidate must have had 
experience in the design, manufacture and erection 
of bridges and all classes of structural steelwork 
also riveted pipes and tanke, and be capable of 
controlling the Drawing Office and dealing with 
correspondence 
ae ‘engagement will be for three years, at a 


Power Station Superintendent — 
REQUIRED to take charge of a large Power 
Station in South beg supplying three-phase 


power and equi 
turbine plant.—. cooing qua’ Saket. ne age, 
rd required, and ¢end copies of testimoniais, 


950, Offines of ENGINEERING. 





ci | Deeiene First-class Man 


bry eR ye of ship construction and 
ANTED for one or two years’ en 
aaa © South America; preference to a single 

—— State age, experience and salary required 
Address, T 976, Offices of ENGINEERING. 


Aiiicled Pupil. —A = Civil 


eer has VACANCY for well-educated 
eman as PUPIL. Good la 


ung nd 
Rene cent Stee axons 


ge- 








SITUATIONS WANTED. 


(28), 





education, 


the | Chief Drau 








perannum, Age between 30 and 38. 
to commence at the beginning of June, 
1922, Second Pango free passage out an 
the satisfac’ 
selected ‘cand 
medical examination. 

The letter of application, giving een: = 
Ke plicant’s general and technical training 

showing in eam Neng oe order —_ dates) bere 
and bow he has been employed, with particulars of 
the class of work, ther with copies of three 
recent testimonials, s 
SECRETARY, Bauvawarr & Co., Engineers, 
Ltd., 117, Victoria Street, London, 8.W. 1, and 
should be received not later than April 28th. 'T 925 


[the E gyptian State Railways 
Savery A 


bet fora DISTRICT — 
SUPERINTENDENT at a “ag ag Be 

2 a year (consolidated pay). lic 
een indispensable. 

Applicants must have served a time in a railwa 
workshop, or in the workshops of a firm whic 
constructs locos,and in addition must have had some 
small position involvin charge on a Railway, pre- 
ferably in the aay epartment, for a period of 
at least one year. —— licants must be unmarried ; 
age must not exceed 35 years 

Forms of eenties are to be obtained from the 
office of the INSPECTING ENGINEER, Beyprian 
anp Supan GOVERNMENTS, Queen Anne’s Chambers, 
Westminster, S.W. 1. T 966 


anted, Assistant Manager 

e Found 4 E eeri ks 

in Midlands. or large ¥ qonens| eiuentl ~ and technical 

training. Age not over 36.—Address, T 967, Offices 
of ENGINEERING. 


Required at Once on Port 
orks contract in healthy part of South 
America, a CIVIL ENGINEER with Contract 
experience me work, block-setting and 
floating craft and capable of acting as sub-agent, 
Single man about 35, with knowledge of Spanish 
erred, Reply stating & past experience, salary 
vguwes and copies of references to BOX 2&6, c/o 
Dawson's, 17, Craven Street, London, W.C. 2. 


(Sontrol miho ans Desi 
EXPERIE iD MAN Pa i t.' an aoe 
of — out trol 
Apparatus a, a Se festion ety yp of 
connections ; rience of modern locomotive 
eee gear exaen —— of eee 
m 8 vantage; mu & good disciplinarian, 
State technical trai: , OX end salary 
required —Address, T 973, = of ENGINEERING. 


r[horoug ghl erienced 


WORKS ne wa “J may see | 
for large new Wet Process ment 
Plant in india now under construe etion. Batiatactory 
salary paid a ox. experienced 
man.—Only those who have h Cement Works 

ment experience need apply to MAXTED 
NOTT Lrnp., Coes, and Cement 
Sngideers, Burnett Avenue, High Street, - 


974 
ydraulic Foreman 


uired 
to take charge of modern 


to, one 


home on 














er.— 











[edie — Required immediately 


ogee AGON SHOP seuemss, 
thorough knowledge pneumatic 
hydreutie: riveting, and able to read and aor Pe 
working dra five years’ 


of trai 
testimonials to ot. 0 


as ee ae 
” cons, Leadenhall 
Street, Londen ete T 961 





mpletion of en ent. The 
dates: 7 ll be required to pass a strict ' 


ld be addréssed to The 


Exgineer, (26). -Experience— 

ears shipyard, 2 years D.O. Commer. 
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MASS PRODUCTION IN GEAR- 
CUTTING.* 
By JoszepH HORNER. 
(Continued from page 380.) 


Tue production of bevel gears is increased, not 
by the substitution of form planing, and generating 
methods for that of rotary cutters, but by the 
employment of mass methods of roughing out the 
tooth spaces preparatory to their correct shaping. 
Rotary disc cutters have never been regarded with 
satisfaction for dealing with the teeth of bevel 
gears. But they are used almost exclusively for 
gashing those to be finished with generating methods. 
An exception occurs in the case of those gears which 
have projecting hubs in front, that would interfere 
with the action of a rotary cutter. For these a 
shaper design of machine is built. For highly 
repetitive production the angle of the work-holding 
head is fixed. 


Fic. 1. 


Milling machines of the pillar and knee type are 
largely used for stocking out the teeth of bevel 
gears. Seldom, except in the case of the larger 
wheels, is the operation confined to one blank, 
but two, or three, depending on diameter are being 
cut simultaneously, the rotary cutters being mounted 
in gang on the horizontal arbor. The blanks are 
mounted in a fixture which includes indexing 
mechanism. The output is moderate, and better 
results are secured in machines that are built 
specially for the work. 

A good many machines are built varying much in 
design and appearance for dealing with smaller 
and larger quantities of blanks. One group re- 
sembles broadly the build of the spur gear cutters, 
with work bed and vertical housing on which the 
cutter head slides, and is counterweighted. The 
blanks are mounted on arbors in a table with 
quadrant rack adjustments for angles to bring the 
roots of the teeth into line with the fronts of the 
cutters. Two, or three cutters are mounted. 
Working on steel, two cutters will gash up to 
4d.p.,orthree up to5d.p. The cutters are flooded 





* In the first portion of this ‘article, in the middle 
column of page 380, reference was made to the rack 
cutter double helical generating machine of Messrs. David 
Brown and Sons, and it was stated that the machine 
could deal with gears up to 36 in, diameter with 6 in. 
face. _ Messrs. Brown, however, inform us that they have 
now in use @ machine of this type dealing with gears 
up to 9ft.in diameter with 24 in. face, and that they 
have also other machines cutting double helical gears 
up to 18 ft. in diameter and 7 ft. wide on the face. 


with lubricant, and the bearings are supplied with 


an 








tubes from a gravity oiling system. A battery of 
these machines constructed by Messrs. Gould and 
Eberhardt, of Newark, U.S.A., is shown by. the 
photograph reproduced in Fig. I. 

A development from this is the machine arranged 
with a reversible work-holding bed on a turret 
mounting, with four arbors on one side holding work 
on which the teeth are being gashed, and four others 
on the other side which are being loaded the while. 
The time between cuts is thus saved. This is 
designed for mass production on a large scale, the 
work angle being fixed for repetitive products. 
Fig. 2, on page 444, shows a similar turret machine, 
also made by Messrs. Gould and Eberhardt, which is 
provided with eight work arbors, four in front and 
four at the rear and is built for roughing out four 
spur pinions at a time. Fig. 3, on page 444, shows a 
machine by the same makers for roughing and 
punching six spur pinions, three having 12 teeth of 
? in. pitch, and three having 16 teeth of the same 


commences work on this gear. Other blanks are 
mounted in succession until the turret is fully 
loaded. By this time the first gear is generally 
completed. It is then removed, and another 
substituted. After the turret has been fully loaded 
no cutter remains idle. The removals and replace- 
ments go on continually, the blanks being in 
different stages of progress. The machine will deal 
with from 180 to 240 rings in 8 hours. A similar 
machine carries 48 blanks. 

This is mass production on an ample scale. 
This preliminary gashing is the only economy that 
can be practised with bevel gears, since these must 
be finished individually, whether cut with rotary 
discs or planing tools, the latter alone being employed 
when a high degree of accuracy is required. The 
only economy possible is that which is embodied 
in the planer designs of machines, that of two 
cutting tools reciprocating alternately, cutting 
opposite sides of a tooth. This lessens the’ objec- 





*| return mechanism 


A Battery oF GouLp AND EBERHARDT Bevet GEAR RovGHING MACHINES. 


pitch. In this machine the work spindles have 
independent horizontal adjustments. 

These tools are, however, eclipsed by a turret 
machine by Gould and Eberhardt, with a rotating 
turret fixture holding 48 bevel gear blanks shown 
in Fig. 4, page 445. This machine was designed 
for the Ford Motor Company for gashing the 
teeth of bevel ring gears to be finished by planing 
elsewhere. The gears have 40 teeth of 5 d.p., 
1 in. width on face, and are of vanadium steel, 
drop-forged. A ring is completed every two 


tion to planing sometimes raised on the ground 
of the lost return stroke, and the slow character 
| of the operation. 
| Some of the machines of the Gleason model 
are made in large dimensions to produce, some 
| formed, some generated, teeth with a degree of 
accuracy impossible with rotary cutters. The 
machines being specialised, numerous provisions are 
incorporated to afford economies in time, which are 
cumulative. The designs are substantial, and 
moving parts have ample support. The net result 
therefore of preliminary gashing, and subsequent 
planing with work and tools well supported is 
increased output, combined with the best results 
that are practicable. 
A promising movement is now in progress which 
| is a consequence of the generating planing methcd 
for bevel gears, that of spiral or helical bevels. 
These have been hitherto cut with end mills, but the 
| planing method is better. This is accomplished 
in the spiral bevel gear planer of Messrs. Smith and 
| Coventry, the mechanism being that of the firm’s 
Robey-Smith machine, modified to produce the 
| required angular movements. The teeth at every 
section are symmetrical about a plane containing the 
| axis of the gear, and the spiral of the teeth upon 
| the pitch cone is a correct geometrical figure having 
a uniform lead of spiral. The spiral form is pro- 
| duced by imparting an angular movement to the 
wheel blank during the cutting operation, the angular 
movement being derived from the same quick 
that is associated with the 
| motion of the cutting tool. To ensure correct 
| engagement of mating wheels and pinions, having 
| spirals of opposite hand the change is made by a 





| pair of gears of exact ratio. 
| The basic principle of the action of this machine 
|is, that the spiral bevel gear bears the same 
| relation to an ordinary bevel gear that the 
| helical gear does to the ordinary spur gear. In 
other words, the spiral disposition of the teeth 
on the pitch cone varies uniformly from the major 
to the minor diameters of the gear. This is ensured 
by causing the blank and the cutter slide to move in 
unison during the process of planing, with the blank 
set to the correct cone distance. The principle, 
therefore, is simple, though much mechanism is 
involved. 

Since continuity of action is the object of sub- 





minutes. Loading and unloading are performed 
without stopping the rotation of the turret, and one | 
man attends two machines. The turret is octagonal | 
in plan, and carries three tiers of blanks—2¢4 in all. | 
It is rotated slowly around a vertical axis while the 
cutters are working, but it is speeded up seven times | 
faster between the cuts, while the passage is being | 
made from one side of a ring to the other. The | 
cutter spindle carried three cutters, corresponding | 
with the three vertical rows of blanks, and three 
blanks are thus being worked upon at the same time. 
A groove is first cut on one side of a blank and then 
on the other, and so on in series round the turret. 
Once, during each complete rotation of the turret, 
the blanks are all indexed one tooth. The cutter 
spindle is driven from a single pulley, a change-gear 
mechanism being interposed. 

In operation, the attendant places one ring blank 
in position, clamping it with a single nut, and a large 
washer, gashed to allow the cutter to clear. The 


| the ratio of about 1-2 to 1. 


stituting spiral teeth for those of straight formation, 
it is necessary that this should not be weakened by 
the embodiment of too small an angle of spiral, 
which would permit of one pair of teeth coming out 
of contact before the succeeding pair came into 
engagement. To prevent this, the angle of spiral 
must be high enough to bring thes all end of the 
tooth at least in line with the centre of the large 
end of the tooth adjacent. It is usually more in 
This angle varies with 
the width of face of the gear, and therefore ‘the 
angle of spiral is not a fixed measurement; it also 
varies with pitch, a fine pitch giving a smaller 
angle than one more coarse. Angles will be found 
to vary from 25 deg. to 35 deg. 

The 15-in. auto-spiral bevel gear generator by 
the Gleason Works, of Rochester, N.Y., U.S.A., 
illustrated in Fig. 5, on page 445, employs a disc 
cutter of the face mill type, with an average 
diameter at the point of 12 in. The’ gear 





machine is then started, and one of the cutters 


and the cutter are rolled together. The tooth 
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surfaces: that come into contact are formed by 
means of cutter blades working on slightly different 
radii, giving a tooth bearing heavy at the centre 
of the face, which becomes equalised after a little 
running. 

The employment of such a cutter with variations 
in radius and in pressure angle, though not strictly 
correct in principle, is successfully adopted for 
automobile gears and machine tools, with high 
reduction ratios, up to 8 to 1, with pitches from 
3 d.p. to 7 d.p., pinions with 10, 11 and 12 teeth 
being used. The end thrust, however, is severe, 
and must be provided against. The arrangement 
differs with the handing of the teeth, and with 
forward and reverse drives. With either hand, 
the pinion must be mounted so that there,is no 
possibility of its end movement. If it does shift 
it will cut rapidly. 

A development of mass production, hardly now 
a minor one, is that of the gear tooth rounding 
machines of which there are several designs. Slid- 
ing spur gears used in transmissions are made with 
the entering ends of the teeth either rounded, or 
chamfered to promote easy engagement without 
knocking. At one time this was done with chisel 
and file on crane gears, or the pinion patterns 
were correspondingly shaped. That is inadmis- 
sible in the gears for automobiles and machine tools. 

The Cross machine for rounding the ends of 
gear teeth has a column on which the cutter 
spindle is mounted, and a knee and work-table 
in front, the latter adjustable towards, or from, 
the cutter to accommodate a range of gears, 
and carrying a vertical arbor on which they are 
mounted. The table and knee have vertical 
adjustments to accommodate gears up to 12 in. 
face. The tooth is indexed automatically with pawls 
and a ratchet at the base of the arbor support. 
The tooth is centred and held in a sector, and the 
spindle head is offset by one-half the thickness of 
the tooth. 

The revolving cutter used starts at one side 
of the tooth, rounds over and finishes cutting on 
the other side, through an arc of 180 deg. The 
spindle head revolves back to the starting position 
with a quick return movement, and the next tooth 
is automatically indexed and centred. The arcing 
movement is derived from a cam actuating a rack, 
pinion and gears, the last gear surrounding the 
spindle head. 

The cutter used is an end mill, having the same 
same angle as the pressure angle of the tooth, and 
bottoming. Three cutters only are required for all 
pitches from 20 d.p. to 2 d.p. The machine will 
take wheels up to 30 in. diameter. 1n the case of 
gears of chrome nickel steel the ends of the teeth 
are rounded at the rate of 3 per minute in 2 d.p., 
at 8 per minute in 4 d.p., at 16 per minute in from 
6 dp. to 5 dp. and others in proportionate 
times. The machine will handle gears of all pitches 
from 2 d.p. to 20 d.p. and having from 8 to 250 
teeth. 

The Rochester machine for performing the same 
operation provides for three different rounding 
contours obtained by means of a standard cam 
having a fulcrum pin which is adjusted to one of 
three positions so as to give a longer or shorter 
stroke of the cutter heed. The contours cut are, 
rounding with a sharp point, a half-round, and a flat 
rounding at the point. 

Gears to be rounded by this machine can be 
indexed by either one of three methods. Accord- 
ing to one method they are indexed directly by 
meshing with a master gear of chrome nickel 
steel of the same pitch mounted on the index 
worm gear shaft. All gears of the same pitch are 
indexed by one master gear, regardless of their size 
or numbers of teeth. No change gears are required. 

This is the usual direct method employed. But 
any gear that is meshed with the feed drive gear will 
index all gears with the same number of teeth, 
regardless of pitch. Or, the gear to be rounded can 
be indexed by a duplicate gear meshing into the 
feed drive gear. The rounding is accomplished by 
a rotary motion applied to the gear being cut, com- 
bined with a reciprocating movement of the slide 
in which the cutter spindle is mounted. The 
machines are made with capacities up to 12 in., 
20 in. and 30 in. diameters respectively. They are 
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Fic. 2. Vertrcan Gear Curtinc Maostne with Turret WorK HEAD FOR ROUGHING OUT: 
Four Spur Prxtions at OnE Time; Messrs. Goutp AND EBERHARDT, Newark, U.S.A. 
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Fie. 3. Macnine Curtine Srx Spur Pryions at OnE Time; Messrs. GOULD AND 
EBERHARDT, Newark, U.S.A. 


driven by two belts, one to a two-stepped cone on 
the cutter spindle, the other to a three-stepped cone, 
driving through a worm and wheel to the index 


shaft, and through the cam and its lever to recipro- 
cate the cutter slide in the headstock. The 12-in. 








machine will round gears in steel from 12, d.p. 
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to 4d.p. Teeth of from 6 d.p. to 5 d.p. can be 
ate saree 7 way > Taunt s rounded at the rate of 52 per minute. A 30-in. 
MASS PRODUCTION IN GEAR CUTTING. machine will cut gears of from 12 d.p, to 2 d.p., the 
latter at the rate of 40 teeth per minute. 

A special adaptation of these machines is one for 
burring spiral bevel gears, that is, taking off the 
sharp angular corners of the teeth after they have 
been hardened. Though the amount of metal to 
be removed is small, the work is tedious if done 
by hand, while the machine will deal with about 
60 teeth per minute. No detail of the operations 
is too minute to be neglected when production is 
intensive. 





(To be continued.) 








THE INSTITUTION ‘OF NAVAL 
ARCHITECTS. 


(Continued from page 430.) 


At the meeting on the morning of Thursday, the 
6th inst., the President again occupied the chair. 


DovusLe REDUCTION GEARING FOR MARINE 
TURBINE Drives. 

The two papers discussed were “ Nodal Arrange- 
ments of Geared Drives,” by Dr. J. H. Smith, of 
Belfast, and “‘ Double Reduction Gears on the ss. 
Melmore Head,” by Mr. J. Wilkie. In the first 
paper the author gave a general mathematical 
discussion of the critical speeds which might arise 
when a number of heavy elastic systems were geared 
together. He showed that these were more 
numerous the more diverse the elastic systems, and 
argued that it should be advantageous to suppress 
as many as possible of them by adjusting the elas- 
ticity and inertia of each component so that all 
had the same natural periodicity. Mr. Wilkie’s 
paper described the success with which this system 
had been applied to the ss. Melmore Head, a single- 
screw steamship of 2,500 s.h.p., built and engined by 
Messrs. Workman, Clark & Co., of Belfast. At the 
outset the gearing of this ship was of the ordinary 
type, but the vibration at the gear box was exces- 
sive, and two second reduction pinions collapsed in 
service. Finally the assistance of Dr. Smith was 
sought, and on his advice the nodal system was 
installed, the high-pressure and low-pressure turbine 
shafts being made very flexible, and proportioned 
so that the natural periodicity of each elastic system 
‘ . mee was the same as that of the main shaft. This 
Fie. 4. RorTaTiIne TURRET FixtuRE HOLDING 48 BEVEL GEAR BLANKS arrangement had proved extremely satisfactory. 

Messrs. GouLD AND EBERHARDT, NEWARK, U.S.A. Part of the first paper will be found on page 438 
ante, and the remainder on page 467 of this issue. 
The other paper is given on page 469. 

The discussion was opened by Mr. R. J. Walker, 
who expressed his indebtedness to Dr. Smith for 
an important paper on a subject, which was exercis- 
ing the minds of many engineers at the present 
time. He proposed, however, to leave the mathe- 
matical discussion to those who had made a close 
study of the paper. The builders of the Melmore 
Head had certainly had a very unfortunate 
experience, as evidenced by the many modifications 
they had had to make. He noted that in adopting 
the nodal drive new pinions were supplied, and it 
was, accordingly, quite possible that these were 
more accurately cut than were those originally 
fitted. The importance of accuracy in the teeth 
had been pointed out in the paper read last year by 
Mr. Cook and himself, and further experience had 
only served to convince him that noisy gears were 
generally due to defects in the cutting. Manu- 
facturers were now thoroughly alive to this. He 
noted that the second set of pinions for the Melmore 
Head were supplied by another maker, and cut on 
a different machine. It was said in the paper that 
observation of the fractured teeth showed that 
the failure was due to fatigue. The speaker was, 
however, by no means certain that this was the case. 
Heat treatment of nickel steels was sometimes 
defective, and he had met with cases of this within 
the last few months. Many held the theory that 
stresses were too high, or material faulty, yet in the 
case of 35 ships built with single reduction gears 
there were only two cases of trouble; and out of 
130 fitted with double reduction gearing there had 
been eight cases of broken teeth, in five of which the 
Fic. 5. 15-Ix. Avto-Sprrat Bevet Gear Generator; Tae GLEAsON first reduction pinion was concerned, and in three 

Works, Roonester, N.Y., U.S.A. the second reduction pinion. In these 130 ships 
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there were 600 gear wheels in all. He found it 
difficult, accordingly, to conceive that the failures 
were due to excessive working stresses. Even with 
loads of 1,000 Ib. per inch of face the factor of safety 
was over 4 to 1, whilst in certain single reduction 
gear failures it had been nearly 10 to 1. He con- 
cluded, therefore, that there was something wrong 
with the material, and that it was cracked as 
supplied by the maker, due to strains developed in 
the quenching. Hollow pinions, such as used in the 
nodal gear, would be less likely to develop cracks 
in quenching, as the internal strains would be 
smaller. Careful inspection had revealed quenching 
cracks of this kind in several recent instances. It 
was, moreover, noteworthy that when pinion teeth 
broke, in one half the case the fractures were not 
confined to any particular direction. Some broke 
at the bottom, some at half height, and in some cases 
a piece merely came out of the middle of the face. 
This matter of tooth fractures was perhaps rather 
outside the scope of the paper, but its importance 
seemed to justify his reference to it. 

Mr. H. Guy, of the Vickers’-Metropolitan Com- 
pany, Ltd., said that he thought certain factors of 
fundamental importance had been neglected in 
Dr. Smith’s analysis. Thus, no account had been 
taken of the fact that in practice all vibrations were 
damped, and this was particularly the case with 
those originating in the propeller, and this considera- 
tion affected the relative importance of the low- 
period oscillations which came from the propeller 
shaft, and those of high periodicity, due to defective 
teeth. The author had excused himself from deal- 
ing with this matter on the ground of absence of 
data. His own firm had met with the same diffi- 
culty when they started to investigate the question 
three years ago, but they had now collected the 
necessary information. The propeller oscillations 
were very heavily damped, and thus could never 
become infinite, as suggested by Dr. Smith’s 
analysis. 

Taking all factors into consideration it did not 
appear that propeller torque variations could, in 
general, affect tooth loadings by 20 per cent., and 
they might be accordingly disregarded as the 
effective cause of pinion failures. His firm had 
devised means of measuring accurately the errors 
in the pitch and the thickness of gear teeth. Some 
results obtained with a wheel (not of their own 
cutting) are represented in Fig. 1. The obser- 
vations were taken at four different axial positions 
as represented by the four curves. The diagram 
showed observations made on one-half of a pinion, 
the errors in the other half were quite different, and 


in the other members of the gear were different 
1 


10,000 

Owing to the use of hunting teeth these errors were 
not periodic, and he would hesitate, therefore, to 
represent the resultant oscillations by the smooth 
curves assumed by Dr. Smith. With rigidly con- 
nected bodies of high inertia oscillating torques 
might multiply the stresses tenfold. The remedy 
was to reduce the inertia of the intermediate and 
slow-speed sections to a minimum and to intro- 
duce elasticity into the connections. The author's 
diagram if extended to include all possible cases 
of synchronism would be truly awful. Moreover, 
he should not, if consistent, stop where he had done, 
and the analysis to be complete should also take into 
account synchronisms with the periodicity of ship 
members. If all these were equally serious, as 
seemed to be suggested in the paper, one would 
expect the ship to shiver herself to atoms as soon as 
set in motion. This did not happen because the 
higher critical speeds never developed serious 
stresses. The amplitude of each succeeding har- 
monic was less than that of its predecessor, and he 
thought that in Dr. Smith’s diagram all the lines 
should be washed out except the first and the second, 
and the former should be represented by a much 
thicker line so as to indicate the relative importance 
of the two. He considered that in designing ship 
gears it was advantageous to run both high pressure 
and low-pressure shafts at the same speed. Both 
should furnish the same power and have the same 
rotary inertia. Increased symmetry was thus 
obtained and the number of critical speeds possible 
minimised. The variations in propeller torque were 


again. They were of the order of of an inch. 





alone of importance, those of the turbines were 
insignificant. He might point out that the rigidity 
of the intermediate shaft was relative only. In 
any double reduction gears only three critical speeds 
were practically conceivable, and this number could 
not be reduced by tuning. Double-reduction gears 
could give as favourable results as the single- 
reduction gears had done, the most serious cause 
of trouble was the defective cutting of the teeth. 
Reduce the error here and the running would be 
improved. In the second place, there should be 
elasticity between the pinion and the mass to 
which it was attached. He did not suggest that 
this was all sufficient, but it did ease the conditions. 
The record of the Melmore Head appeared to him 
perfectly consistent with the views he had put 
forward, and he found it difficult to believe that the 
troubles arose from some approach to a critical 
speed. It seemed rather due to the inertia of the 
component parts, and the cure was, he thought, 
really due to the introduction of elasticity in the 
connections. Suitably made and designed he 
believed that double-reduction gears were as re- 
liable as any other form of transmission. 


Fig. 1. DIAGRAM OF CIRCULAR PITCH VARIATION. 
AFT OR PROPELLER END. 
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Engineer-Captain Onyon, who spoke next, said 
that he suspected that the original gears of the 
Melmore Head were not too well cut, and he would 
ask Mr. Wilkie whether he suggested that the 
nodal drive was a cure for all gearing troubles in- 
cluding those due to faulty material. The un- 
fortunate Melmore Head appeared to have suffered 
from every possible ill. Many gears, however, were 
running with high tooth pressures, and made no 
noise, did not pit, or cause vibration. In fact 
high tooth pressures had nothing to do with the 
matter. He thought hobbing ought to be abolished, 
as better results were got by planing. He thought 
also that the numerous “ gadgets” which had been 
introduced in connection with these gears’ were un- 
necessary. There were double oil coolers, two oil 
pumps, gauges to determine the pressure at the 
bearings, and cocks to show that the pressure really 
was due to oil and not to air. Expensive thermo- 
meters were also provided, where in times past 
they had been content to test the temperature of a 
bearing by the hand. Then there was a hooter 
which sounded if the oil pressure dropped, and an 
automatic governor to cut off steam should this 
happen when the engineer was asleep. His firm’s 
experience with double-reduction gears had been 
very satisfactory, though he should say that owing 
to defective material a tooth broke on the Conde 
Rosso, but so satisfactory was the system con- 
sidered, that his chairman had just gone off on this 
vessel to South America. If more care was re- 
quired in constructing gears than was exercised 
in this case, then double-reduction gears were un- 
suitable for marine use. The Parkhead steelworks, 





which had supplied the steel, were now collaborating 
with the speaker in the endeavour to find out a safe 
steel and how to treat it. All steelmakers were, 
indeed, very anxious in this matter, and he felt 
confident that. given good workmanship and good 
material double-reduction gears would win in the end. 

Engineer-Commander Tostevin said that he had 
found that it was almost useless to discuss gear 
breakages unless one had had actual experience 
with the gear in running and the opportunity to 
examine it afterwards. There were in service in the 
Navy and running satisfactorily, many gears very 
similar in design to those originally fitted in the 
Melmore Head. If the nodal drive was essential, 
how was it these did not fail? During the war, out 
of some 30 to 45 new destroyers fitted with double- 
reduction gearing, two of the early deliveries gave 
trouble, and it was thought that it might accordingly 
be necessary to investigate the question of torque 
oscillations and critical speeds. Since, however, 
succeeding deliveries proved satisfactory, the 
project was not pursued, and on replacing the 
troublesome pinions with new ones, the two defective 
gears also ceased to trouble. Noisy teeth were due 
to errors in cutting, and with the noise was asso- 
ciated oscillations, hammering and wear. They 
had had in service over 600 sets of gear from the 
smallest to the largest, but had never met with 
trouble due to critical speeds. If a gear was noisy 
it was replaced with an exactly similar one, better 
cut, and in short there was in Navy experience no 
trace of deleterious effects due to critical speeds. 
The authors advocated the addition of a fly- 
wheel on the turbine drive, but this complicated the 
system and ought to introduce oscillations of its 
own. Was it really good practice to tune up all 
the components to the same periodicity? This 
might be all right if the gearing alone was con- 
cerned, but the oscillation elsewhere might be 
intensified, and the whole of the masses having the 
same period the amplitude might “be larger and 
cause failure of the flexible connections which 
appeared highly stressed. He hoped that engineer- 
superintendents generally might give us further 
data; since Dr. Smith having shown how com- 
plicated the mathematics of the subject were, they 
need not be afraid of confessing their ignorance of it. 


The next speaker, Professor Haigh, of Greenwich, 
said he thought there was room for other theories 
besides that which attributed the pitting of teeth to 
the pulsations of the load. In one or two cases 
which he had analysed he felt sure that critical 
speeds had little to do with the trouble, and that 
nine out of ten failures were due to errors in the 
teeth, and would disappear with greater care in 
this regard. There might, however, be occasional 
cases in which critical speeds were responsible, 
and where trouble could be avoided by suitably 
proportioning the components. Suppose we took 
a simple shaft and applied a steady torque to it. 
Then if an oscillating torque were added, this would 
in most cases diminish from end to end, but as we 
approached synchronism with the natural periodicity 
of the shaft, the character of the curve changed, and 
high values might be reached. If, on the same 
diagram, we plotted the angle of oscillation instead 
of the torque, we got an entirely different type of 
curve, and the point to be noted was that in all 
cases the maximum oscillating torque occurred at 
the point where the angle of oscillation was zero. 
This point was the node, and this node would appear 
therefore, to be the worst possible place at which to 
locate anything liable to be injured by oscillatory 
pressures. 

Mr. S. 8. Cook, who followed, said that Dr. Smith 
had considered the double-reduction gear as an 
undamped elastic system, and asked us to believe 
that it was liable to develop violent oscillation. 
In practice, however, this was not the case, and 
even with noisy gears it should be remembered 
that it required but little energy to develop a great 
deal of noise. In fact, every plank in the building 
in which they then were, had its own critical period, 
but it did not follow that every plank in the room 
was in violent commotion. Something more was 
wanted for this than a natural periodicity; a 
supply of energy was also necessary. It had been 
demonstrated by Mr. Walker and himself that 
fluctuations in propeller thrust were a possible 
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source of supply. The general problem of tor- 
sional oscillation was, however, by no means new, 
and there had been trouble from it in days past 
with reciprocating engines, where, in addition to 
the fluctuations in the propeller torque there was 
the variation of crank effort. With Diesel engines 
the matter was still worse, and there had been 
several cases of shaft fractures from torsional 
oscillations. With the turbine the only oscillations 
of slow period came from the propeller, but in 
general the shaft was so long that synchronism 
did not arise. It was useless for Dr. Smith to 
lay such emphasis on the danger of passing through 
critical speeds. This was done daily without 
trouble. The speaker had been present at the 
trial of the nodal gear, and agreed that there was 
an absence of vibration, but as he had not been in 
the ship with the original gears, he could not 
estimate the degree of gain. There was one im- 
portant distinction between single and double- 








pinion gears. With the former the main wheel 








was free to “give”; its motion being resisted | 
only by its own inertia. In the second case it 
was locked by the other pinion, which was coupled 
to a mass of high rotary inertia and hence large 
forces might be brought into play. He quite 
believed that the new system fitted to the Melmore 
Head was an improvement on the old, but he 
attributed this wholly to the flexibility that had 
been introduced. In fact, he thought that Dr. 
Smith’s analysis was reversible, and that if the 
original type of drive had been “ nodal” and had 
given trouble, that Dr. Smith would have used the 
same diagram to argue that the proper remedy 
would be to break up the single oscillatory period 
into three independent systems and thus reduce 
the resonance. The real remedy for bad gears was 
better teeth. Resonance could, in any case, be 
prevented by damping, and the speaker showed a 
diagram (reproduced in Figs. 2 and 3, annexed) repre- 
senting a damping device he had devised for gears. 
In this the drive was transmitted partly through 
friction plates and partly through the tangential 
springs. Any fluctuation in torque was quickly 
damped out by the friction of the plates. 

Mr. Freeman said that as in the Navy so in the 
mercantile marine single-reduction gears had been 
very satisfactory. The double-reduction gears were 
made on the same machines, were aligned with 
the same care, and were of the same materials, 
but there had been much more trouble. The 
difference between the two was the higher speed 
of the turbine shaft and the introduction of the 
intermediate shaft. It did not look, therefore, as 
if the explanation of the difficulties encountered 
with double reduction gears were to be found in 
the existence of hair cracks due to quenching 
strains. It would, at any rate, be curious if 
these hair cracks were always at the roots of 
the teeth. With respect to lubrication, he claimed 
that the burnishing of the teeth in work showed 
that the oil film was not maintained, and 
that the teeth came into metallic contact with 
each other. In this connection, he might mention 
that oils from different makers, each satisfactory 





if used alone, might not be satisfactory if blended. 
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He had never known gear troubles to be due to 
bad alignment.- As regards accuracy of cutting, 
he had measured teeth with the Sykes comparator, 
and found in a bad gear errors of as much as 15 mils. 
or more, but 6 mils. was now about a maximum 
figure. He thought it was really a wonderful feat 
to keep the errors below this in a gear 9 ft. in dia- 
meter. As regards the axial periodic motion of 
a pinion shaft referred to by Mr. Wilkie, he thought 
this might be due to a thick tooth on, say, the 
right-hand helix having a normal tooth corre- 
sponding to it in the left-hand helix. He had 
noticed that pipes or anything else coupled to the 
gear case showed intense vibration, although the 
gear case itself showed none. Oil pipes sometimes 
broke on this account within half an hour of being 
put into service. The double-reduction gear was a 
necessity, and was a pronounced success from the 
shipowners’ point of view. There had been failures 
with the turbine itself when first introduced, and 


there were occasional troubles now, but no body 
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thought of dropping the turbine on this account, 
and he thought double-reduction gearing would 
also live through its troubles. It was steadily 
getting better, and, in fact, we could not do without 
it, owing to the savings thus made possible in 
fuel, space, and weight. 

Sir Charles Parsons said that the torsional vibra- 
tions of shafts had been discussed for many years, 
and in its essentials the problem was a very simple 
one. The nodes were places at which the pressures 
were the greatest, whilst at the loops the amplitude 
was great, but the pressures were at their minimum. 
In motor car work we never attempted to move a 
solid wheel over a rough road at a high speed, or 
the vibration would be excessive. We damped them 
out by fitting the wheels with pneumatic tyres, and 
did not bother about nodes and loops, but simply 
introduced elasticity and something to damp the 
oscillation out by friction. The tyres, in fact, got 
hot, which was a measure of the energy of the oscilla- 
tions they absorbed. The only way of damping 
out vibrations was to introduce friction. He had 
suggested this in a patent he had taken out in 1913 
for driving ships by small internal combustion 
engines, all geared to asingle wheel. He had planned 
to use in this way 20 eight-cylinder engines, which 
would develop in the aggregate 32,000 h.p. At 
the time this appeared the only possible plan of 
getting such a power with a low total weight. The 
difficulties with double reduction gears were in part 
due to the fact that both errors in the intermediate 
and final drives were magnified before they reached 
the turbine. Thus an error of one unit in the teeth 
of the intermediate pinion was equivalent to an 
error of five units in the turbine shaft pinion. If 
the gears were well cut, double reduction gears 
worked well, but accuracy was not always attained. 
In any case, in order to render the gear fool-proof 
it was advisable to introduce elasticity and friction. 
He agreed with Captain Onyon that double oil 
coolers were unnecessary. They were introduced 
because of some troubles, which it was thought 
might be mitigated if the supply of oil were cooler. 
In conclusion he wished to again point out that the 
calculation of shaft vibrations was very old. 





In reply, Dr. Smith said that he must, owing to 
the lateness of the hour, put most of what he wanted 
to say into writing. It was extraordinary, however, 
that no one at the meeting had tackled the subject 
mathematically, or produced a single formula. 
One speaker had apparently thought that the 
formulas in the paper applied only to simple oscilla- 
tions, but they really covered all the higher har- 
monics, including those due to the faults of the 
teeth. Commander Tostevin had asked whether the 
introduction of a flywheel on the turbine shaft 
might not introduce fresh critical speeds. The 
flywheel shaft was, however, so short that its 
periodicity was very high, compared with the shaft 
connecting the turbine to the casing. What they 
aimed at was to suppress the fluctuation in the 
torque. This was, it was true, a maximum at the 
node, but the matter was serious there only, and 
the speed was adjusted so that resonance never 
occurred. The speaker felt that the oscillations of 
low periodicity were not only those to be feared, 
but that the harmonics of the propeller torque 
oscillations might also be a factor, as well as those 
due to imperfect teeth. He could not admit that 
his argument in favour of the nodal system was 
reversible. In all, three vessels had now been 
fitted with the nodal system, with highly satisfactory 
results. 

Mr. Wilkie, in replying on his own behalf, said 
that he had not checked the accuracy of the first 
two pinions used, but he had checked that of the 
third set supplied, and this would not run quietly 
at any speed, With the nodal drive, however, the 
gear ran extremely quietly at all speeds, a result 
which he thought spoke for itself. The fitting of 
the new primary gears had had nothing to do with 
the success attained. He did not, however, claim 
that the nodal drive was a cure for defective 
material, but it was a provision against possible 
troubles. One speaker had referred to the vibra- 
tion in the oil pipes connected to the gear casing. 
This had been very marked in the case of the Mel- 
more Head, and many had broken. Since the nodal 
drive was installed, however, there had been no 
breakages and no vibration. 


Tue VIBRATIONS OF SHIPs. 


The afternoon session was opened by a paper 
entitled “A Method of Determining the Natural 
Periods of Vibration of Ships,” by Mr. T. C. Tobin, 
M.A., the Duke of Northumberland presiding, 
This paper we reprint in full on page 476 of the 
present issue. After the paper had been read by 
its author the President called on Dr. P. A. Hillhouse 
to open the discussion. 

Professor P. A. Hillhouse remarked that he had 
no doubt that Mr. Tobin would welcome observations 
discordant with his theory as well as those which 
confirmed it, and he was in a position to give an 
example of each kind. Just a month ago, the 
speaker was using a Schlick pallograph to obtain 
records of the vibration of the oil-tanker Tiger, a 
vessel 350 ft. by 46 ft. 9 in. by 28 ft. 3 in. On 
the first day’s trials she ran at her full load draught 
and had a displacement of 8,200 tons. The next 
day she was in ballast and displaced 6,400 tons. 
The instrument was placed in various positions in 
the ship, and for each position the speed of the 
engine was varied by successive steps of about 
5 r.p.m. throughout the working range of speed. 
On both days it was found that there was a slight 
vibration amidships and at each end of the vessel, 
when the engine was running at about 56 revolutions, 
but none at any other speed. The frequency of 
vibration was about 112, or exactly twice the engine 
speed. The value of I of the cross-section amid- 
ships was 233,890. With this value for I, and 
L = 350 and P = 112 and A = 8,200, or 6,400 in 


Schlick’s formula, P= A A/ xs we: get A= 


137,200, or 121,200. Schlick gave 144,000 for 
liners and 128,000 for cargo vessels. Substituting 
P by means of the formula P = pan =f as 
given in the paper for a uniform bar, we obtained 
P = 111 or 125 vibrations per minute. The first 
figure, that for the loaded condition, agreed remark- 
ably well with the observed frequency, but for the 
ballast condition the agreement was not so satis- 
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factory. Dr. Hillhouse had hoped that the dis- 
crepancy would disappear when Mr. Tobin’s 
7 ; 3 was applied, but as 
shis worked out to 1-0008 and 1-00068 for the load 
and ballasted conditions respectively, it made 
practically no difference to the results. Possibly, 
the speaker had not correctly interpreted the authors 
explanation of the terms of this formula, Mr. Tobin 
had stated that 8a was the area of the curve B. 
The ordinates of the curve B were obtained by 
multiplying the difference between the actual weight 
per foot at each point of the length, and the mean 
weight per foot by the corresponding ordinate of 
the auxiliary curve A. The latter was a curve of 
coefficients, so that curve B became a curve of 
modified weight per foot on a basis of length, and 
its area therefore represented a weight. The 
factor a was the product of the area of the auxiliary 
curve A and the area of the weight curve W. Both 
curves were plotted on a base of length, the curve A 
showing numerical coefficients and curve W weight 
per foot. The area of A was therefore length, and 
the area of W was weight. It followed that the 
weight &@ constant 
weight x length ©" “alength 
and was therefore not independent of the size of the 
vessel, as it seemed that it should be. If Mr. Tobin 
would kindly give the details of his evaluation of 
the correction factor for passing from a uniform 
bar to a non-uniform ship, the difficulty of the 
speaker would no doubt be explained, and possibly 
an actual example would be of assistance to others 
who may have the opportunity of comparing 
observed and theoretical frequencies. 

Mr. W. J. Luke, who spoke next, considered the 
paper both interesting and practical. Many would 
remember that when ships were propelled by reci- 
procating engines it was sometimes found that a 
violent vibration was set up when the engines 
were opened out to full power on the trials. It was 
the occurrence of this unpleasant phenomenon 
which no doubt gave rise to the invention of Schlick’s 
pallograph and to the development of a formula 
to enable the vibrations of a ship to be predicted. 
The usual formula had given good service, and even 
to-day such a formula might be useful because it 
enabled a computation to be made within a few 
minutes. The investigations of Mr. Tobin in no 
way compromised the utility of Schlick’s formula, 
but it was sometimes useful to go rather more 
deeply into the calculations concerning vibration, 
and to consider certain refinements of the subject. 
It would be interesting if the author of the paper 
would explain one point in connection with the 
vibrations of the vessel under consideration. The 

“calculations gave the figures 59-4 and 148-7 as the 
frequencies of the two-node and three-node vibra- 
tions, respectively, the observed frequencies being 
58-8 and 150 per minute. These agreed fairly well, 
but there were no decisive indications of a four- 
node vibration, which calculation showed should 
occur at a frequency of 269 per minute. The 
speaker believed that in a bar of uniform section, 
the frequencies of the two-, three- and four-node 
vibration would be in the ratio of 3?: 5%: 7%. Pos- 
sibly the author had not found the third harmonic 
because of some error of the integrator, an instru- 
ment which was not always reliable. These higher 
harmonics might be of interest in turbine-driven 
ships where the vibrations set up by the propeller 
would be three or four times the frequency of the 
revolutions of the propeller shaft, which itself ran 
at a high speed. The methods of calculation 
devised by the author were very interesting, but 
somewhat too elaborate for rapid use, and if one 
wanted to form a hurried judgment it would be 
necessary to rely on the usual formula of Schlick. 

Mr. A. Nicholls read a contribution of a mathe- 
matical nature. He pointed out that the assump- 
tion that a ship would vibrate in the same manner 
as a long bar was not in accordance with facts, and 
indicated an alternative method of calculation to 
that proposed by the author. 

Mr. Bailey said that he had been investigating 
the vibrations of warships. An important source 
of error in such calculations might be due to 
neglect of the relative motion of various parts of 
the structure in planes perpendicular to the 


correction factor 





quantity xe was 





neutral axis of the vessel. For all practical pur- 
poses Mr. Tobin’s method was quite accurate enough 
and he was to be thanked for having brought it 
before the meeting. 

Mr. Tobin, replying to the discussion, said he 
thought that Dr. Hillhouse had hardly grasped the 
meaning of the formula which he criticised. In 


the expression =, the two terms were of like 


character and the ratio therefore had a definite 
numerical value. The speaker was just as much 
interested in cases in which the vibrations calcu- 
lated by his method gave results which did not 
agree with observations, as he was in cases where 
agreement was found, because the value of the 
method could only be tested by the conformity 
of its results with observations. He was surprised 
that Dr. Hillhouse had found so little difference 
between the vibrations of a loaded ship and those 
of the same ship when light. His own experience 
had been that the difference was well marked, and 
amounted to at least 10 per cent. The method of 
calculation he had put forward in the paper was 
one which was not intended to be carried out in 
a few minutes. Dr. Hillhouse had suggested that 
the corrections necessary in the case of the tanker 
were negligible but they actually amounted to 
134 per cent., which was too much to be ignored. 
In the case of a large liner the correction for the two- 
node vibration was 24} per cent., which again was 
very material. In the liner referred to, the nodes 
were 0-137 and 0-361 of the distance from the 
end. The nodes were regions of quiescence and 
so their exact position was not very easy to decide 
upon. The method of calculation he had pro- 
posed was intended as a drawing office method, 
which could be applied by men of such skill as an 
ordinary drawing office contained. 

A vote of thanks to the author was then passed 
by the meeting, on the motion of the President. 


Economy IN Marine Borers. 


The meeting then proceeded to the consideration 
of the second paper of the afternoon, entitled 
‘“* Possibilities of Further Economy on Marine 
Boilers,” by Mr. John Reid. This paper, which 
was read by its author, is reprinted on page 472 
of the current issue. In presenting it, Mr. Reid 
added certain information to that contained in the 
paper. He remarked that the trials had been 
carried out with the best Newcastle coal, which 
produced no clinker. The results given, as well 
as many others, had been observed by Dr. Morrow, 
of Newcastle, and a staff of observers under his 
direction. He would particularly draw attention 
to the figures in lines 24 and 27 of the trial results. 
With ordinary natural draught 23-1 lbs. of air 
were required per lb. of coal. With ordinary 
forced draught this dropped to less than 15 Ibs. 
With the sunk grate 17 lbs. of air were required, 
but this figure might have been reduced because 
after the trials it was found that there was an 
obstruction in the air ducts which interfered with 
the proper distribution of the air over the grates. 
It was not easy to correlate the test results with 
the results obtained from ships in service because 
figures of air used per lb. of coal were not often 
available. In liners a figure of 24 lbs. was not 
unusual, this figure being recorded in the case of 
the Saxonia. The speaker had found figures 
running up to 28 or 30 Ibs. in actual marine practice. 
With good coal and good stokers, the excess air 
could be reduced to 25 per cent. or 50 per cent. 
but when the superfluous air was kept out of the 
furnaces, the funnel temperatures had to be watched, 
as this might run up to 600 deg. F., 650 deg. F. or 
even 700 deg. F. It was for this reason that many 
people fitted air-heaters in the uptakes. These 
had only a limited capacity for heating air but 
were very useful in cooling the smoke. An air- 
heater would reduce the temperature of the funnel 
gases by 150 deg. F., and thus fulfilled a function 
rather different from that usually ascribed to it. 

During the remarks of Mr. Reid the president 
left the chair, which was taken by Mr. A. E. Seaton, 
Vice-President of the Institution, who, before 
declaring the discussion open, observed that it was 
a reproach to marine engineers that they had 
devoted so little attention to boilers in comparison 
to the efforts they had made to improve engine 








efficiency. When coal cost 7s. 6d. per ton a certain 
amount of waste was not a very serious matter, 
but it was very different nowadays. As electrical 
engineers had given great attention to the reduc- 
tion of coal consumption, he would call on Mr. 
W. H. Patchell to open the discussion. 

Mr. W. H. Patchell stated that he had been 
brought up on boilers and therefore welcomed a 
paper dealing with the subject. As compared 
with engines, boilers had been much neglected but 
the price of coal had forced them into prominence. 
The engine or turbine could be fairly well relied 
upon to maintain the efficiency it had when it left 
the builder’s hands, but the efficiency of a boiler 
depended almost entirely upon the way it was 
operated. In America it had been found advant- 
ageous to put college-trained men in boiler-rooms, 
and a similar step would have to be taken in this 
country. The author of the paper had brought 
up the question of air heating. Data on the effect 
of air-heating were practically non-existent. The 
speaker had known cases where the introduction 
of air-heaters into ships had been followed by an 
extension of the system to other vessels, but he 
had never been able to get actual figures to justify 
the faith which had led to the extension. He had 
analysed all the figures he could get hold of, and 
had come to the conclusion that though the 
benefit which arithmetic forecasted was very small, 
the actual benefit was much greater. Air heating 
had a real place in efficient boiler practice, and would 
extend because of higher steam pressures. Higher 
pressures necessitated stronger economisers, and 
people did not like steel economisers because of 
their liability to corrosion. Consequently air 
heaters, to extract the waste heat from the flue 
gases, were being used in some of the large stations 
now being constructed. The author had mentioned 
specially that he had tested his grate with a coal 
which made no clinker. The speaker would be 
sorry to try to burn the kind of coal many plants 
had to use, on the grate described. A stoker could 
not operate it with dirty coal. The efficiency 
shown in the table was due, he considered, almost 
entirely to the improvement in the CO, figures. 
It was a great pity that all boiler tests were not 
carried out on a common basis. The Institution 
of Civil Engineers had got out two standard forms 
of data for boiler trials, but one was too long and 
the other too short. It was very unfortunate 
that it was so difficult to determine accurately to 
what causes the various gains and losses of efficiency 
were really due. 

Mr. Hamilton Gibson, considered that Mr. Reid 
had not done justice to the title of his paper, as 
there were other possibilities of economy which he 
had not dealt with. The grate area and draught 
arrangements were important, but so was the 
heating surface, and this aspect of the question had 
been brought very much into evidence at the sit- 
tings of the committee dealing with the subject. The 
author had mentioned the losses due to bad coal 
and dirty boilers. Bad coal we should always 
have, but dirty boilers were inexcusable. All 
engineers had had experience of the falling off of 
boiler efficiency as the tubes got dirty. Instead of, 
as heretofore, cleaning and sweeping tubes at long 
intervals it was now the practice to fit permanently 


‘fixed blowing devices by which an occasional whiff 


of steam could be blown through the tubes. It 
was claimed that this method enabled an economy 
of 5 per cent., equal to one day’s fuel in twenty, 
to be obtained, and he did not think this claim 
extravagant. Quite recently the speaker had been 
given figures comparing the performances of two 
locomotives with clean and dirty tubes respec- 
tively. Each locomotive made five runs of 100 
miles each. The tubes of one were blown every 
hour, and this engine burnt 22 per cent. less coal per 
engine mile and evaportated 16-2 per cent. more 
water per lb. of coal than the other, the figures 
being an average of all runs. Steam blowers, in the 
speaker’s opinion, should blow in the direction of the 
draft. Dry saturated steam gave the best results 
as it was denser than superheated steam. The 
nozzles should be 10 in. in front of the tubes, so 
that any moisture on the steam should be eva- 
porated before it entered the tubes. The nozzles, 
moreover, should be of properly formed divergent 
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type so as to give a parallel blast of steam at the 
highest velocity. A stack of tubes could be com- 
pletely cleaned by this method in about five 
minutes. 

Mr. H. Owen, who read from a manuscript 
with extreme rapidity, considered that the author 
had taken unproved assumptions as representing 
facts. The statement that an examination of 
existing furnace equipment indicated an extra- 
ordinary state of arrested development demanded 
attention. It was not low efficiency which had 
troubled marine engineers so much as excessive 
smoke production and hosts of inventors had 
attacked this problem. Hundreds of devices and 
arrangements had been tried, but none had survived 
except the ordinary plain grate which gave maxi- 
mum access to the fire, allowing a slice bar to be 
used effectively and the clinker to be dragged 
out without much trouble. It was the survival 
of the fittest. The grate advocated by Mr. Reid 
would be arduous to work, and there would be a 
likelihood of trouble with the firebars. After the 
speaker had referred to the processes of combustion 
and the effect of admitting air over the fire, he was 
requested by the chairman to submit the remainder 
of his remarks in writing. 

Professor W. E. Dalby, who followed, considered 
that the action of a boiler should be regarded in 
two separate stages. Firstly, there was the efficiency 
of the furnace, which was measured by the relation- 
ship between the heat units actually generated and 
the heat units originally present in the coal. 
Secondly, there was the boiler efficiency, which was 
the ratio of the number of heat units in the flue- 
gas to the number which passed into the water 
in the boiler. The speaker had analysed over 
200 boiler trials in this way and had found the 
efficiency of heat transmission to be remarkably 
constant at about 75 per cent., not varying more 
than 2 or 3 per cent. from this figure, although the 
overall efficiencies of the boilers in question varied 
from 50 per cent. to 70 per cent. If only engineers 
could devise some method of determining the 
efficiency of various factors separately we should 
be able to make a great advance. 

Captain Riall Sankey suggested that the Institu- 
tion of Naval Architects should approach the 
Institution of Civil Engineers with regard to a 
revision of the code for boiler tests, and that a 
committee should be formed for this purpose. 
This view being received favourably by the chair- 
man, Captain Sankey said he would raise the ques- 
tion with the Councils of the two Institutions of 
Civil and of Mechanical Engineers, respectively. 

The chairman said that many years ago he had 
been hopeful of promoting greater boiler efficiency 
at sea, but he had found that most of the apparatus 
which gave good results on land failed entirely at 
sea. At sea there was a 24-hour day and a seven- 
day week for boilers, which was a very different 
thing from the usual conditions on land. More- 
over, coal of all kinds had to be burnt, because at 
foreign ports one could not pick and choose. Again 
the motion of the ship interfered with the proper 
action of many appliances which worked well on 
land. He remembered the case of a ship of the 
Wilson line fitted with mechanical stokers. When 
rounding Land’s End in heavy weather the stoker 
threw the coal into the combustion chamber 
instead of on the fire, and the combustion chamber 
was seriously damaged. It would be a good thing 
if something could be done to make the efficient 
burning of coal less dependent upon the human 
element. 

Mr. John Reid, in reply to the discussion, referred 
first to the question of air-heaters. On land one 
could make a heater any size he liked and could 
also provide for fair and easy passages for the air. 
At sea things were very different and they were 
strictly limited to space. The introduction of 
superheaters had compelled the air heater to be 
raised still further in height, and everything on 
shipboard had to be a compromise. Since the 
paper was written the grate described in it had been 
fitted on board ship. The slope of the front and 
sides of the firebars was not so steep as it appeared 
in the illustrations. Indeed the stoker did not 
notice it, and it could hardly be seen, yet it gave a 
sinkage of 3 in. to the fire. In all his work the 





author claimed he had tried to make things easier 
for the stoker. As an example of how the type 
of grate he advocated practically compelled im- 
proved methods of firing, he mentioned that at 
first the stoker tried to fire it in the ordinary bad 
way. He threw a lot of green coal right in the front 
of the fire to begin with, but when he opened the 
door later to push the coal back it was all alight 
and fell out on the floor. The work of disposing 
of it was so extremely hot and unpleasant that next 
time the fireman threw the raw coal right on to the 
fire where it ought to be. If one compared the 
appearance of the fire on the new grate with that 
of a fire on the ordinary grate, the difference in 
temperature of the fires was great enough to be 
easily noticeable. 

On the motion of the chairman, a vote of thanks 
was passed to the author by the meeting. 


Stream MerTeErs. 


The next paper to be taken was entitled ‘ The 
Metering of Steam,” by Mr. John L. Hodgson. 
This paper described the type of steam meters 
developed by the author and manufactured by 
Messrs. George Kent, Limited. The Kent steam 
meters were very fully illustrated and described 
in our issue of October 10, 1919, vol. cviii, page 467 
et seq., and as they are now in extensive use it may 
be presumed that our readers are fairly familiar 
with their design and construction. They work 
on the principle of constricting the steam flow in a 
pipe by means of an orifice plate, and measuring the 
quantity of steam flowing by the difference in 
pressure on the two sides of the orifice. At full 
load, the drop in pressure does not exceed 1 lb. 
per square inch. The principle is claimed to give 
much more accurate results in practice than that 
of the Pilot tube which some meters embody, and the 
mechanical features of the indicating and recording 
instruments are carefully thought out. A very high 
degree of accuracy is claimed for the meters, and 
they are so designed that their readings are un- 
affected by any rollirig or pitching of a ship. The 
paper concluded with three mathematical appendices 
dealing respectively with the discharge through 
nozzles and orifices, the effect of pulsations in the 
flow of the substance measured, and the variation 
of pressure in the vicinity of an orifice. 


The discussion was opened by Professor W. E. 
Dalby, who stated that he had been in the habit of 
using the method of measuring flow by the pressure 
difference on the two sides of an orifice, and he 
supported Mr. Hodgson’s claim that this was the 
best method. He would like to know whether it 
was necessary to specify the superheat or moisture 
in the steam to be measured, when ordering a meter, 
or would a standard meter be sufficiently accurate ? 
Several years ago, at the Central Technical College, 
he had measured the air supply to a gas engine by 
means of a U-tube which indicated the drop of 
pressure across an orifice in a diaphragm plate 
which was inserted in a pipe through which the air 
was passed, The gas supply was measured in a 
similar manner, and by this means the mixture 
strength could be found much more accurately 
than by the method of analysing the exhaust gases. 
The orifice method was also more reliable than the 
use of a gas meter for measuring the rate of flow. 
What Mr. Hodgson had done was to devise a 
practical instrument to embody a well-known 
principle. The speaker had calibrated his orifices 
by means of a gasholder. He noted that Mr. 
Hodgson used water, and he would be glad to know 
how Mr. Hodgson measured the discharge coefficient 


for air, which was said to be the same as that for 
water. 


Commander Ramsay stated that some years ago 
a steam meter installation had been put in the 
Bibby line 8.8, Yorkshire, to measure the consump- 
tion of the main turbines and also that of the 
auxiliaries. It had been found very useful. The 
consumption of the auxiliaries was more important 
in the case of turbine ships, than when reciprocating 
engines were fitted, because of the high vacuum 
the turbines required. By the use of the steam 
meters the engineer could find the point at which 
the steam consumption of the auxiliaries out- 
balanced the gain due to any higher vacuum, and 
could thus maintain the greatest overall efficiency. 


Steam meter readings had been found to check very 
closely indeed with the readings of water meters. « 

Commander Tostevin said the paper opened up 
the question of measuring steam and water consump- 
tion in marine installations. The Admiralty, as 
the author would be aware, did not fit steam meters. 
They did not measure steam or water consumption 
on warships because it was considered that with 
efficiently-trained men this was unnecessary. On 
new vessels, the steam consumption was measured 
by means of tanks, or sometimes by calibrated 
water meters. 

Mr, W. H. Patchell said the paper was a useful 
summary of an enormous amount of work. Could 
the author’s firm supply orifices which customers 
could fit themselves with confidence that the meter 
would register correctly ? 

Mr. R. B. Canning said the marine engineer had 
no term like kilowatt-hour, which could be measured 
by a meter, to compare his coal consumptions with. 
His basis of comparison was the indicated horse- 
power hour, and when figures like 1-5 lb. of coal per 
indicated horse-power hour, for all purposes, were 
put forward, they were certainly wrong. The 
speaker had used one of the author’s steam meters 
in connection with a Belliss engine, and its indica- 
tions had enabled a material increase of efficiency 
to be obtained by altering the valve setting. 

Mr. Landon Morton remarked that the mechanical 
engineer had been much handicapped by lack of 
measuring instruments. Ten years ago, when chief 
engineer at sea, the speaker had not even known 
what a CO, recorder was. When an engineer had 
to maintain steam on low-grade fuels, it was a very 
great advantage to have a steam meter on every 
boiler, so that any boiler not doing its share of the 
load could be instantly detected. Nobody, no 
matter how experienced, could tell what steam a 
boiler was making by looking at the fire. 

The chairman said that he did not recollect any 
previous paper on the subject chosen by the author. 
He thought the marine engineer would be interested 
in knowing how much of the steam he had to generate 
was used for different purposes on board. In the 
City of Dresden, and also in England, exhaust 
steam was used for heating buildings where fires 
were inadmissible, and in such cases meters would 
be useful to enable the consumption to be gauged. 

Mr. Patchell here interposed the remark that 
in such instances the general practice was to measure 
the condensate by means of water meters. ~ 

Mr. Hodgson, in reply, said that since the war 
his firm had noted a great difference in the attitude 
of British engineers towards steam meters. Before 
the war, their business was principally with the 
Colonies and with foreign countries, but British 
engineers were now taking a keen interest in the 
measurement of steam, and his firm were inundated 
with orders for instruments. In reply to Professor 
Dalby, the coefficient of an orifice for air was 
determined by the use of a small calibrated gas- 
holder, the temperature being kept carefully con- 
stant. To determine it for water, the water 
passing was weighed in a tank. No correction was 
needed, so far as the steam meters were concerned, 
for ordinary variations in superheat or wetness of 
the steam. The conditions were usually fairly 
constant, and in any case 20 per cent. change in 
superheat only caused an error of 1 per cent. In 
reply to Mr. Patchell, if orifices were geometrically 
similar, the firm would guarantee that the error 
between different orifices did not exceed 1 per cent. ; 
this held from orifices varying from 4 in. diameter 
to 30 in. diameter. Messrs. W. H. Allen, Sons and 
Co. used a steam meter to measure the steam 
consumption of turbines on their test beds, and the 
results agreed with those obtained by weighing 
the condensate to within one-third of 1 per cent. 

After according, on the motion of the Chair- 
man, a vote of thanks to Mr. Hodgson, the meeting 
adjourned until the evening. 


DreseL Macutnery For Srycie-Screw Moror 
SHIPs. 


In the evening, at 8 p.m., members again 
assembled to hear and discuss a paper, by Mr. James 
Richardson, B.Sc., bearing the above title. This 
paper was reprinted in full on page 417 of our last 





issue, so that we need not refer here to the nature 
of its contents. The discussion on the paper was 
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opened by Engineer Vice-Admiral Sir George 
Goodwin, who remarked that Mr, Richardson 
had, in the past, contributed very liberally to the 
literature relating to the design and development of 
the Diesel engine, and the speaker considered that 
the present paper was by no means the least 
important contribution. He thought the most 
important feature in the paper was the reference 
at the close, where Mr. Richardson stated that 
single-screw Diesel machinery for the average cargo- 
carrier would be much developed in the near future. 
The author was competent to speak, and his remark 
implied that Diesel machinery had progressed very 
rapidly in the estimation of shipowners in respect 
to reliability. He believed Mr. Richardson’s view 
to be correct, and that was evidence of the great 
care that had been devoted in this country to the 
development of the engine. Mr. Richardson had 
also laid stress on the importance of the auxiliary 
machinery for Diesel main engines. That matter 
had received consideration in the Naval Service and, 
much more, in the merchant service. Owners of 
Diesel vessels were rightly desirous of doing away 
with steam altogether, and the devices to that end 
had been very numerous. It had been tried in the 
Navy in a group of ships, fitted with slow-running 
Diesel engines. It was decided that boilers should 
not be fitted, but as the vessels were oil tankers, 
and were required to carry a very thick oil, they 
were forced to use steam boilers in the end. The 
paper suggested that exhaust gases might have been 
used for the purpose, but this was found to be 
impracticable. Reasons were put forward for 
adopting steam in one after the other of the vessels. 
One ship had an electrical outfit. and Sir George 
had been struck by its high first cost. On that 
point he would be glad to elicit some reply. It 
would always be found that electrical auxiliaries 
were much more expensive than steam auxiliaries, 
but if they could be secured at a reasonable cost and 
made to work satisfactorily he thought there might 
be economy. Some six years ago he had seen a 
summary of what had been done in the matter of 
these auxiliaries in the merchant service, and the 
experience was much like that of the Navy. A 
different state of affairs was desirable, in view of 
the undoubted low first cost of the steam engine. 

As to the possible use of exhaust gases for some 
of the purposes to which he had referred, this point 
had “received considerable attention, but the 
problem was difficult. Although these gases could 
be utilised at a fairly high temperature, the specific 
heat of the gases was very low; there was nothin 
in the way of latent heat to be got, so that the total 
quantity of heat to be taken out of the gases was 
extremely small, A fair amount of success had 
been achieved in utilising exhaust gases for evapora- 
tors, and the gases had also been used in this way 
in some of the German submarines, as well as in 
some of our ships. On account, however, of the 
small amount of heat to be obtained from the gases 
and the problem of extracting it, the apparatus 
proved cumbersome and the efficiency low. If a 
simpler manner of effecting a saving in this direction 
could be devised, he would recommend its employ- 
ment. Heating outside the machinery compartments 
was much more difficult than the paper indicated. It 
seemed to the speaker that, arising out of the paper, 
there was scope for discussion of the merits of air 
as against solid injection of the fuel. 

Mr. D. B. Morison, who followed, said the author 
dealt with a problem of vital importance to the 
merchant marine, viz., the economical propulsion of 
cargo boats, The owner, he said, had never pre- 
viously been given such a plethora of alternative 
methods of propulsion as at, the present time. 
Technicalities, however, had only a passing interest 
for shipowners ; what the latter required was that 
their cargoes should be delivered according to pro- 
gramme at the least expenditure for fuel and with 
the minimum of delays due to repairs, breakdowns 
and overhauls. In the matter of freedom from 
delays arising from accidents the reciprocating steam 
engine, the speaker stated, was unsurpassed. The 
limits in fuel economy of reciprocating engines with 
and without superheated steam had, however, been 
practically reached. We then had the internal- 
combustion oil engine with a thermal efficiency well 
ahead of all competitors, The problem for engineers 
was therefore to develop the oil engine so that it 





should be as reliable as the steam engine. Re-| 


liability of machinery was essential to success in 
ship owning. Of almost equal importance was 
“* fool-proofness,” as it was futile to put a machine 
on board a ship that required an experienced genius 
to keep it working. It must be kept going by a 
man of the average standard now available, and 
that applied not only to the chief engineer, but to 
his assistants. A cargo ship to be a commercial 
success must be propelled by main and auxiliary 
machinery simple in design, strong in construction, 
economical in fuel consumption, and, above all, 
reliable in working over long periods when in charge 
of engineers of average ability and experience. 
The writer of the paper gave very complete particu- 
lars of Diesel machinery for a single-screw ship, 
and is to be both congratulated and thanked for 
placing at our disposal data which will be very 
helpful to the industry as a whole. That the 
solution of the marine Diesel problem is difficult, 
the speaker continued, was evidenced by the number 
of types and their variants now under construction. 
Some few months ago the speaker said he had 
to decide on a type of Diesel engine that the firm 
he was associated with should build for propelling 
ocean-going cargo boats. The difficulties arose 
from the fact that each of the many types embodied 
features of excellence and had been developed 
with great engineering skill. He had decided on the 
Beardmore-Tosi engine, and was now building two 
sets of twin engines which were practically dupli- 
cates of those on the Pinzon. If a type of Diesel 
engine could be produced which would surpass all 
others in an economic sense, it was the duty of all 
to hasten its development. It was only possible 
to achieve this by co-operation on broad lines, so 
with this object in view and with the permission of all 
concerned, an offer was made to the Admiralty, 
the Institution of Mechanical Engineers and to the 
Institution of Naval Architects, to place the vessel 
and the Diesel machinery the speaker had referred 
to, at their disposal for the purposes of test. The 
offer had been accepted, and the results, whatever 
they may be, would be made public in the hope 
that they would contribute to the rapid development 
of Diesel engines generally. Moreover, similar offers 
had since been made by other builders of Diesel 
engines, so that the dissemination of much valuable 
data might be anticipated. The Admiralty had 
expressed their entire approval of the scheme and 
had appointed the Engineer-in-Chief of the Navy to 
act on their behalf. In order to secure maximum 


g}economy in fuel on a Diesel ship it was essential 


that all power required in the engine room and on 
deck should be supplied by Diesel engines, so that 
all auxiliaries must be electrically driven. For 
short-voyage ships, such as the Pinzon, electiic 
driving was a good solution, but for cargo boats 
making long voyages he would prefer, for the mean- 
time, to retain steam auxiliaries in the engine-room 
for stand-by purposes, so as to give the ship’s 
engineers more time to devote to the working of the 
main engines at sea and to their adjustment in port. 
His own experience, he said, pointed clearly to 
the wisdom of selecting the best motors obtainable, 
having a margin of power, and of installing them 
and their fittings with great care. There was some- 
times a reluctance to adopt this policy because of 
the initial cost, but cheapness in Diesel main engines 
and their electrica] auxiliaries was certainly, at the 
present time, a commercial mistake. With electrical 
equipment no boiler was required, and the engine- 
room of a Diesel engined ship had sometimes been 
found to be uncomfortably cold. 

The next speaker, Mr. H. A. Ruck Keene, thanked 
the author for his paper, and added that data 
regarding different types of Diesel engines were 
valuable and interesting for the purpose of com- 
paring the results of trials. He hoped the presi- 
dent’s appeal in his address to owners and manu- 
facturers of Diesel-engined vessels to follow the 
lead of Messrs. Richardsons, Westgarth and Co., 
in placing a Diesel-engined ship at the disposal of 
the committee appointed by the Institution jointly 
with the Institution of Mechanical Engineers for 
investigating the results of trials with oil-engined 
vessels, would bear good results. The paper stated, 
the speaker continued, that single-screw motor 
vessels of 2,000 tons deadweight and over had 
hitherto been exceptional. From the 1eturns of 


Lloyd’s Register he found, however, that there were 
at present about 210 sea-going vessels fitted with 
Diesel engines, of which 178 were of the four-stroke 
cycle type and 32 of the two-stroke cycle type. 
Of these 210 vessels, 48 were single-screw vessels. 
Of the single-screw vessels, 11 were between 1,000 
tons to 2,000 tons gross, 5 between 2,000 tons and 
3,000 tons gross, and 12 of 3,000 tons gross and 
over. The largest of these single-screw vessels was 
the motor vessel Cubore, of 6,892 tons gross, built in 
1920 by the Bethlehem Shipbuilding Corporation 
of the United States. The single-screw motor 
vessel Vulcanus, 1,179 tons gross, was, the speaker 
thought, the first of the Diesel-engined sea-going 
vessels, and had been running since 1910 with 
satisfactory results. She was fitted with Werkspoor 
engines. In the early days of Diesel engines, there 
were, as with most new types of engines, a certain 
amount of failures due to the design of the various 
parts, but with the experience gained in the last 
eleven years, the alteration of the design of the 
cylinder covers and other parts and the improve- 
ment in the cooling arrangements of the parts 
subjected to high temperatures had overcome the 
troubles. From the figures he had given it would 
be noted that, up to the present, far more Diesel 
engines of the four-stroke cycle type had been 
fitted on board merchant vessels than those of the 
two-stroke cycle type, and therefore experience at 
sea has been far greater with the former than with 
the latter. From the experience obtained from 
the four-stroke cycle engines he was of the opinion 
that certain types were now as reliable as steam 
engines. With suitable designs he saw no reason 
why the two-stroke cycle engine should not prove 
to be equally reliable. He also thought the time 
had arrived when single-screw Diesel-engined vessels 
up to, say, 3,000 ih.p., could be accepted with 
confidence. 

Some interesting information, the speaker con- 
tinued, was given by the author regarding the 
amount of compressed air required and carried for 
starting and manceuvring purposes, and three ways 
in which it was possible for a large quantity of com- 
pressed air to be lost, had been pointed out. The 
speaker said he would like to add another one, viz., 
the human element. It was quite easy for the 
engineer in starting to keep the cylinders too long 
on air before turning on the oil fuel. The rules of 
Lloyd’s Register requiied the capacity of the starting 
air receivers to be of sufficient capacity to permit 
of 12 consecutive startings of the engines without 
replenishment. It had been suggested that a more 
definite ruling than that was desirable, but in view 
of the varying types of Diesel engines built and 
building, and the author’s remarks as to the manner 
in which a large quantity of air could be lost, 
the speaker did not think it desirable to alter the 
rules at present. 

Mr. Le Mesurier, who followed, congratulated 
the author on having condensed into a small space 
a mass of useful and very interesting information 
regarding the machinery and results obtained in the 
motor-ship Pinzon. On the general problems and 
possible solutions of the subject of the paper, he 
said, however, that the two-cycle engine must not 
be disregarded, as in several respects it actually 
fulfilled the recommendations made by the author. 
The principal characteristics differentiating the 
type of engine suitable for a single-screw ship from 
a twin-screw ship was the low speed of revolution 
demanded by the former vessel and in this respect 
the two-cycle engine had special advantages. To 
make this clear the speaker gave the following 
comparison between the main engine fitted in the 
Pinzon and a Sulzer two-stroke cycle engine of the 
same power which was in service in a twin-screw 
ship :— 


4Cycle 2 Cycle 

Pinzon Sulzer 

Engine. Engine. 
B.H.P. on service 1,250 1,259 
Revolutions per minute... 120 100 
Number of cylinders ae 6 4 
Diameter of cylinders (ins.) 248 23-6 
Stroke (ins.) ... ott bt 382 37 
Piston speed, feet per minute 765 615 
Brake mean pressure in Ib. 

per sq. in. oak 77 77 


The weight of the Sulzer engine, complete with 
flywheel, thrust block, thrust shaft, starting air 
bottles, exhaust collector and silencers, amounted 
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to about 160 tons, and to complete the comparison 
the speaker said it would be interesting to have the 
weight of the engine fitted in the Pinzon. From 
the above statement, he continued, it would be 
observed that running at a much lower piston speed 
and at nearly 20 per cent. less revolutions per minute, 
the two-cycle engine developed the same power on 
four cylinders, each of which was smaller than the 
six cylinders of the four-cycle engine. The mean 
pressure in each case was the same, although in the 
two-cycle engine the advantages of a simple 
cylinder cover, which was the weak point as far as 
heat stress was concerned in a four-cycle engine, 
should enable higher mean pressures to be obtained 
than in the latter engine. In the case of the two- 
cycle engine the rating was for continuous service 
under sea-going conditions, and could easily be 
obtained with a good margin for overload, as has 
been shown to be the case in the motor-ships 
Augusta, Conde de Churruca, and Handicap, 
equipped with Sulzer two-cycle engines. It was 
necessary to point out that the two-cycle engine 
was provided with a scavenging pump which was 
not required for the four-cycle engine, but even 
taking this into consideration, the comparison was 
favourable to the two-cycle engine. When the 
reciprocating scavenge pump was replaced by an 
electrically-driven turbo blower receiving power 
from the auxiliary Diesel engines, the output of the 
main engines was correspondingly increased, and 
more power was transmitted to the shaft without any 
increase in stress on the working parts. This 
arrangement also complied favourably with the 
author’s recommendations as to the provision of 
electrically-driven deck machinery, the power re- 
quired for driving the winches in port being avail- 
able at sea for the main engine turbo-blowers. 

Regarding the author’s recommendations on the 
score of reliability and the limited man power 
available in a single screw ship, the speaker said 
he regarded the duplication of the injection air 
service as a refinement hardly to be justified con- 
sidering the small pipes and joints involved, any 
of which could easily be replaced in the unlikely 
event of failure. The provision of a spare air blast 
bottle, he presumed, took into account the possible 
destruction of the working bottle, but in such a case 
there would be other consequences not easily 
calculable or provided against. The rotation of the 
valves in the cylinder head by hand, he said, might 
assist in reducing the amount of maintenance work 
on these large valves, but the two-cycle engine 
overcame the difficulty in a better manner by 
dispensing with them altogether. In the same 
way the accidental loss of air through the hanging 
up of an exhaust valve was impossible in a port 
scavenging two-cycle engine. In regard to main- 
tenance generally, the reduction in the number of 
working parts was a valuable asset in favour of the 
two-cycle engine. Thus, in the actual comparison 
given there were four cylinders with their pistons, 
connecting rods, bearings, &c., to be looked after, 
instead of six slightly larger cylinders required for 
the four-cycle engine. There were no inlet or 
exhaust valves, and the starting and manceuvring 
gear, although very ingeniously arranged in the 
engine described by the author, was more com- 
plicated than in a two-cycle engine. 

In conclusion, the speaker added that while he 
agreed with the author that the speed of revolution 
of single-screw motor vessels would tend to be 
reduced still further, he did not consider that the 
long-stroke four-cycle engine afforded the best 
solution, seeing that the weight of machinery, the 
space occupied and the cost would certainly be less 
if a two-stroke engine were adopted. 

Mr. William Reavell was the next speaker, and he 
referred firstly to that part of the paper which dealt 
with mancuvring. The author, he said, had 
referred to the vital importance of the conservation 
and replenishment of starting air, and had also 
suggested that there would be available a certain 
quantity of reserve air from the main compressors— 
put at 2 cub. ft. per revolution. The speaker 
thought the author had done wisely to point out 
that the 75 revolutions per move suggested would 
not actually be attained in practice. In his (the 
speaker’s) judgment, far too much stress had been 
laid on the importance of making the main com- 
pressors considerably larger than was necessary for 


the duty of air-injection alone. Table V of the paper 


afforded a means of analysing just how much air 
was actually contributed by the main engine com- 
pressors for the purpose of mancuvring. From 
5.47 p.m. until 6.12 p.m. 20 manceuvres requiring 
air were recorded in the 25 minutes, and out of this 
time, 11 minutes should be deducted for the stops 
ordered from the bridge, leaving only 14 minutes 
during which the engines were revolving. The 
author had pointed out that practically all the 
orders from the bridge were slow-speed “‘ ahead ”’ 
or “astern.” Assuming slow speed to mean 
25 rpm. to 30 r.p.m., and dividing the. total 
number of mancuvres by the actual time the 
engines were moving (14 minutes), it would be found 
that the average period during which the engines 
were at work on each order was less than three- 
quarters of a minute. In each order from the 
bridge it was clear that a certain amount of time 
had to elapse before the gear was put over and the 
engine began to turn in the direction desired. 
Putting that at 4 seconds—experienced members 
could add or subtract—and allowing 3 seconds 
for the time for the acceleration of the engine from 
standing, the difference would give 16 revolutions 
as taking place in three-quarters of a minute. 
Obviously all the orders would not be either slow 
ahead or slow astern ; some would be half speed and 
others full speed. Calling the 16 revolutions 20, 
there would be 20 manceuvres and 20 revolutions 
for each manoeuvre, giving 400 revolutions only 
of the engine for the whole of the 25 minutes in the 
table. The allowance of 14 r.p.m. at 2 cub. ft. 
per revolution would mean that only 28 cub. ft. 
of air would be supplied from the second duplicate 
main engine-driven compressor. That 28 cub. ft. 
could have been furnished by a little emergency 
set of 8 h.p. running continuously, from which it 
would be seen that the idea of making the main 
compressors very large, so as to depend upon them 
when the vessel was manceuvring was to lean upon 
a broken reed. Obviously, if the main engine- 
driven compressor were made twice as large, as was 
frequently done, then, when at sea, and not re- 
quiring air for other purposes, the air must be 
wiredrawn in some way, either by reducing the 
initial pressure or by blowing off air from the first 
or second stage intercooler. The high-pressure 
cylinder was therefore called upon to compress the 
air delivered to it through many more ranges of 
compression than it was designed for, with results 
which were not good for the apparatus; also, a 
larger machine, with wire-drawing of the air, 
absorbed more horse-power from the engine itself 
to drive it than if the compressor were of the right 
size. There was a general feeling that it was a good 
thing to have plenty of air in hand for manceuvring 
purposes, and the speaker had been interested to 
find corroboration of his views in Table V of Mr. 
Richardson’s paper. The author had acted wisely 
in splitting his air capacity into two and fitting two 
compressors in the single-screw ship, but it would 
have been an even better arrangement if he could 
have devised some simple and instantaneous method 
of throwing out one or other of the air compressors, 
so that the engineer at sea could constantly run 
with only one compressor instead of two. This would 
have increased economy, and the engineer would 
have had what he wanted, namely, a complete 
stand-by on his main engine. Nevertheless, Mr. 
Richardson’s arrangement was a step in advance, 
although he would have preferred one compressor 
just large enough for injection, with a reasonable 
margin of, say, 15 per cent.; the whole cost of 
the second compressor would thus be saved, and 
weight and space would be economised. The 
speaker said that he would use a part of the money 
thus saved to increase the size of the emergency 
compressor. If, for example, the emergency com- 
pressor were of 25 h.p., it would be capable of 
supplying 90 cub. ft. per minute instead of 28 cub. ft. 
per minute, which the author had obtained from 
his duplicate compressor according to Table I. 
The larger emergency compressor the speaker had 
suggested would be driven either by a Diesel or a 
semi-Diesel engine. Quite a small starting bottle 
with a capacity suitable for seven or eight starts, 
and chargeable by a small hand pump, so as to be 





self-contained, would suffice. Such a compressor 
should have automatic control. 








The discussion was continued by Mr. W. Hamilton 


Martin, who said the author had referred to the 
probable more general adoption in the future of 
the method of heating the oil fuel and accommoda- 
tion entirely by the waste heat of the main engines 
at sea, and partly so from the auxiliaries when in 
port. The speaker concurred in this, and said he 
would like to point out that an even wider use could 
be made of their heat. At the Liverpool meeting 
in 1920, the speaker had occasion to propose the 
use of exhaust gases to heat air taken from the low- 
pressure stage of the main engine compressor, for use 
in the steering engine, &c., when at sea, thus avoiding 
the necessity for a donkey boiler, or other power 
producer. The main compressor would then work 
at full power at sea. Heating the air to 273 deg, C. 
would double its available energy. By arranging 
suitable expansion ratios in the working cylinders 
trouble from frozen exhausts could easily be avoided. 
The speaker believed that a Continental firm had 
successfully carried this suggestion into effect. 
In the vessel referred to, the auxiliaries were steam- 
driven when in port, and when at sea surplus air 
from the main compressors was heated in @ special 
heater in the exhaust pipe and this air sufficed for 
driving the steering engine, oil fue] and bilge pumps. 
The air temperature was increased by 130 deg. C., 
which would increase its capacity for doing work by 
approximately 50 per cent. The arrangement was 
said to have resulted in a great economy of air. 
The speaker’s suggestion was based on a trial made 
some years ago, in which a small heating coil in the 
exhaust pipe increased the air temperature by about 
75 deg. to 80 deg. C., and had proved quite sufficient 
for operating the steering engine; its further 
possibilities had since been demonstrated. For 
coastal vessels, where all auxiliaries are frequently 
driven directly by the main engine, this method, 
the speaker thought, might find good use, owing to 
its economy and simplicity. Sufficient power, he 
added, might even be obtained in this way to drive 
the trawl-capstans on fishing vessels. 

The next contribution to the discussion was by 
Baron George Steinheil, who referred to the 
rapidity with which the exhaust pressure dropped 
in the Tosi engine and suggested that light- 
spring diagrams should be added to the paper. 
The low exhaust temperature the speaker attri- 
buted to the absence of throttling in the 
exhaust side. He did not agree with the author's 
views as to twin screw installations for ships of over 
7,000 tons deadweight, and thought in such large 
ships single-screw installations would be quite 
feasible with the adoption of the two-stroke cycle. 
The speaker then compared the machinery installa- 
tion for a ship of 10,000 tons deadweight capacity 
with four-stroke twin-screw engines and two- 
stroke single-screw engines, claiming that the 
latter were preferable. With regard to engine-room 
auxiliaries, he saw the point of some engineers insist- 
ing that these should all be driven independently 
of the main engines and should be provided in 
duplicate. Repairs could then be effected without 


|stopping the main engines by using the stand-by 


unit. Electrically-driven compressors and scaveng- 
ing pumps, he said, had many advantages, one of 
which was the provision of a good load factor for 
the generating sets both at sea and in port. The 
speaker preferred, however, that all auxiliaries 
should be driven directly from the main engine, 
and circulating pumps, bilge pumps, &c., could be 
provided in duplicate for use in case the main pump 
should break down. Breakdowns of scavenging 
pumps and air compressors, he said, were too rare 
to justify carrying spare ones. The speaker did not 
see the point of steam-driven deck machinery. The 
oil-fired boiler usually provided for supplying steam 
was generally only used in port, although sometimes 
employed for heating the crew’s accommodation. 
For the latter purpose he suggested the use of hot 
water taken from the engine-cooling system and 
further heated by the exhaust. A heating system 
on these lines, he said, had been installed on land 
for heating a large munitions factory. The use of 
boilers was, however, inevitable in the case of 
tankers, as steam heating coils had to be provided 
for warming up the cargo oil to enable it to be 
pumped. 

The last speaker, Mr. W. H. Patchell, remarked 
that when Mr. D. B. Morison had first raised with 
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him the question of the testing of the Diesel-engined 
ship, he had been disposed to'return a negative 
answer. The matter, however, was taken up by 
the Council of the Institution of Mechanical 
Engineers, and Mr. Morison told, informally, 
that if it could be set going the test could be carried 
out. An oil engined ship had been obtained, and, 
in conjunction with the Institution of Naval Archi- 
tects, who had appointed their Committee, a start 
was to be made, and the speaker hoped that it 
would be possible, at the end of the month, to report 
that the trials were actually being carried out, 
more particularly as offers of other ships had been 
received. In relation to exhaust boilers running 
on gas and Diese] engines, it was difficult to get 
comparative figures, because comparative sizes 
and equally advantageous locations for the boilers 
were not available; to get good efficiency it was 
necessary for the boilers to be placed close to the 
engines. On the subject of electric auxiliaries, 
the speaker spoke of the good service of electric 
motors in coal mines. If good electrical auxiliaries 
were placed on ships the speaker thought they 
would give satisfaction. With electrical auxiliary 
equipment, moreover, the auxiliaries could be run 
when the main engine was standing, but with 
exhaust boilers this was obviously impossible. 

Mr. James Richardson then replied to the dis- 
cussion. With regard to Sir George Goodwin's 
réference to exhaust gases, Mr. Richardson said 
that in the case of the Pinzon the gases were used 
for heating the oil fuel, not to generate steam ; 
these gases were used directly in the oil fuel tanks. 
On the question of starting air and solid injection, 
also alluded to by Mr. Le Mesurier, he would say 
that with the solid-injection system the starting air 
question was on exactly the same lines as indicated 
in his paper, with the difference that with solid in- 
jection there would be no injection air margin from 
the main engines with which to supplement the start- 
ing air storage. Mr. Morison’s announcement of the 
trials to be undertaken with the Diesel-engined ship 
built for Messrs. Furness, Withy, to be engined 
by Messrs. Richardson, Westgarth and Co., was 
of the greatest importance, ahd if other shipowners 
would follow this generous lead much good might 
be done in breaking down the barrier of secrecy 
which, in the past, had, undoubtedly, done much to 
hinder marine Diesel engine development. Mr. 
Ruck-Keene had touched upon the human element 
as affecting the consumption of the starting air, 
and, of course, that factor had to be taken into 
account, until there was available a larger number 
of engineers fully qualified in respect to Diesel 
machinery. 

In reply to Mr. Le Mesurier’s comments, Mr. 
Richardsov said he had no intention of disregarding 
the two-cycle engine. Mr. Le Mesurier had directed 
attention to what he regarded as discrepancies in 
the speeds c{ revolution and powers of the machinery 
of the Pimy.. The speaker explained that the 
figures given in Table 1, «e., 1,250 b.h.p. at 
120 r.p.m., were “ nominal” figures, while he added 
that 115 r.p.m. was found to give the ship 11 knots, 
which was the maximum speed required at sea on 
the voyage in question. For the whole voyage, an 
average of 106 revolutions: was found adequate to 
bring the vessel into the various ports at which she 
was required to call at the desired times and tides. 
He was unable to see what basis there was for the 
statement made by Mr. Le Mesurier that at 
1,250 b.h.p. the engine appeared to be overloaded. 
It would be noticed that the indicator card shown in 
Fig. 4 gave a mean indicated pressure of 117 Ib. per 
sq. in. at 123 r.p.m., with a b.h.p. of 1,485, and the 
speaker had no hesitation in saying that with the'par- 
ticular valve gear and the particular arrangement for 
inlet and exhsust in the cylinders, those higher figures 
did not constitute an overload. Shortly, trials 
would be carried out to discover what the overload 
of this type of engine might be. Resulting from 
over 10 years’ experience at sea, however, it was 
known at the present time that the standard type 
of four-stroke engine with a mean effective pressure 
of 95 lb. per square inch on the card was assuredly 
not overloaded. That was absolutely and definitely 
known, but with the two-stroke engine, he sub- 
mitted, there’was no such evidence. With 
to the three ships which had been mentioned, the 
Augusta, the Conde de Churruca and the Handicap, 





he would say that these were motor ships of very 
recent date. Two-cycle ships had been running 
for a number of years. and the evidence derived from 
these showed that the mean indicated pressure in 
the cylinder which could be steadily maintained 
year in and year out was very much lower than 
95 lb. per square inch. It therefore devolved upon 
the advocates of the two-cycle type of Diesel 
engine to produce data, derived from actual sea- 
going conditions taken over a reasonably long 
period of time, to substantiate their claims. The 
piston speed of the two-cycle engine mentioned by 


Mr. Le Mesurier was less than four-cycle practice P 


because the heat transfer from the combustion space 
to the jackets had to be kept low. There were two 
ways of doing this in a Diesel engine, firstly by 
injecting at every revolution only a small quantity 
of fuel, and secondly by reducing the number of 
injections per minute or per unit of time. Mr. 


Richardson next referred to the relative weights| 1, 


of two-and four-cycle engines viz. :—165 tons 
against 190 tons in the case of the Pinzon. Two- 
cycle engines, he said, were rated at powers which 
they had to prove could be sustained. With 
four-cycle engine very positive means for preventing 
the contamination of the lubricating system were 
provided. This arrangement involved weight and 
space, but, according to actual sea-going experience, 
it was an absolutely necessary provision. As the 
speaker had stated in the paper, the mancuvring 
gear had to be brought down to the starting plat- 
form level in a single-screw ship, but in the 165 tons 
mentioned by Mr. Le Mesurier that provision was, 
he thought, not legislated for. The advocates of the 
two-cycle principle were very much concerned 
with questions regarding the reliability of four- 
cycle cylinder heads, but he could assure them that 
engineers who had charge of four-cycle machinery 
at sea were not so concerned. In relation to per- 
formance at sea, maintenance, upkeep and repairs 
in the case of internal-combustion machinery, the 
piston ring was one of the vital factors, as the rings 
confined the gases to that portion of the engine 
in which they were to operate. If the piston rings 
leaked not only was there a reduction in thermal 
efficiency, but certain practical difficulties were 
liable to arise. With all two-cycle engines the piston 
Tings were asked to perform duties which were not 
natural to them. At each revolution they were 
required to pass twice over the ports which were 
heated on one side of the cylinder by the exhaust, 
and were liable to swell, while on the other side the 
ports were cooled by the scavenging air; conditions 
which militated against the long life and satisfactory 
working of the rings. 

With regard to the duplication of the injection 
air service, Mr. Richardson said he regarded this 
as absolutely essential for a single-screw motor 
ship. Two blast air bottles should be fitted—not 
on account of fear of disaster, but because a pipe 
joint might fail when the ship was in a tight corner, 
and the manipulation of a few valves would enable 
the change over from one service to the other to be 
made without stopping the ship. With regard to 
the rotation of valves in the cylinder head, the 
valves requiring rotation were the starting air and 
fuel valves, to ensure that when making port they 
would be in good working order, and, in the case of 
the fuel valves, to enable carbon to be removed 
without shutting off the cylinder or stopping the 
engine. In the engines of which he was speaking, 
provision had been made for rotating the exhaust 
and inlet valves on their seats, but he had never 
heard that this had been carried out. 

Mr. Reavell, in the course of his remarks, had 
made a plea for larger auxiliary equipment for 
supplying compressed air, basing his case on the 
fact that in the Pinzon, two injection compressors 
were provided driven from the main engine, each 
of sufficient capacity to supply the main engine 
injection air. The reason for the two compressors, 
however, was not to provide starting air but to 
give greater reliability in respect of the supply of 
injection air. With regard to heating compressed 
air, undoubtedly if compressed air was to be used 
for driving auxiliaries it would have to be heated, 
in order to prevent freezing. 

The meeting was then adjourned until the follow- 
ing (Friday) morning, and we shall deal with the 
subsequent proceedings in our next issue. 





“ LOW-TEMPERATURE CARBONISATION.” 
To THe Eprror or ENGINEERING. 

Srr,—In view of the various processes now being tried 
for the production of smokeless fuel, &c., by low-tempera- 
ture carbonisation, the article in your issue of March 24, 
on the Nielsen plant, is interesting, as dealing with still 
another method of treating coal. So far as the article gives 
the information the plant is chiefly for better quality 

for steel and similar furnaces. No coke or smokeless 
uel is made, and apparently the products are gas and 
oil only. 

The question of the economics of the process will call 
for attention from any firm interested in the process, 
and in order to form an opinion the capital cost of the 
lant would be required, also the costs, but no 
indication of these is given in the article. The net 
result appears to be that from the original coal, as com- 
pared with oe producer practice, a much reduced 
amount of gas is obtained, but with a calorific value of 
180 B.Th.U. against 140 B.Th.U. per cubic foot, while 
about 18 gallons of “low-temperature” tar oil are 
obtained per ton of coal compared with about the same 
amount from ordinary producers. (See ENGINEERING, 
February 10, 1922, page 160, last line—Mr. A. H. 


yin.) 
It would be of interest if the owners of the process 
would state what use they have found for the oil, apart 
from its use as fuel oil. The economical working of the 
lant depends on the finding of an outlet for the products 
tom this oil, and so far no low-temperature carbonisation 
system appears to have solved this question. The 
ammonia yield is low and at present does not help 
towards the solution of the problem. 

An important question also is, would it be economically 
possible to work the plant with only one producer, and 
extract the coke from the retort for use elsewhere. 
This would give approximately one-third of the gas at a 
still higher calorific value. 

The coke should presumably be a smokeless fuel, but 
owing to its proportionately small quantity it could not be 
sold at a price near that of coal, unless good prices can 
be obtained for the tar oil products. 

Assuming that steam injection is used to — the air 
into the producers, power will still be required for the 
elevators, conveyors, fan, pumps, and rotating the retort. 
This power must be set off inst the steam produced 
in the waste heat boilers, and this steam does not seem 
to be sufficient for the producers and the power require- 
ments mentioned. 

Further, the condensation or carrying away of the oil 
vapour from the retort will depend on the velocity of 
the gas through the retort, and with 1,040 cub. m. 
per hour at N.T.P. the velocity of the gas at the point 
in the producer where its temperature is 136 deg. C., 
will be about 1 ft. to 1} ft. per second from rough inspec- 
tion of the drawings. With the 90-ft. retort such 
velocities would seem to allow of condensation of the oil 
on the incoming coal, especially as on distillation of the 
oil probably aly about 1.per cent. will pass over below 
120 deg. C. 

Further, the maintenance of tight joints between the 
fixed and rotating portions of the retort will probably be 
very difficult. 

I am, Sir, yours faithfully, 
A. C. D. Sirsa. 
73, Nelson-street, Carlisle, Cumberland, 
April 6, 1922. 





Tue Roya Arr Force Starr Cottece.—The staff 
college for officers of the Royal Air Force, to which 
reference was made in our report of the proceedings of 
the recent Air Conference, on page 187 ante, was opened 
on the 4th inst. by Air Vice-Marshal Sir J. M. Salmond, 
in the absence of the Chief of the Air Staff, Air-Marshal 
Sir H. M. Trenchard, who was prevented from being 
present by other urgent official duties. The college 
is located at Andover, Hampshire, and is in charge of 
Air-Commodore H. R. M. Brooke-Popham. 





HanDiteEyY-PaGeE Transport, Lrurrep.—We have 
received from this firm, whose address is London 
Terminal Aerodrome, Croydon, an attractive monthly 
tear-off calendar running from the present month to 
March, 1924. The calendar is mounted on a stout card, 
on which is printed, in excellent imitation of oil painting, 
a view of a seaport town with a Handley-Page machine 
flying over it. With the exception of this feature and the 
firm’s name neatly printed in one corner, the calendar 
is entirely free from advertising matter. 





Port or Bovuaie, ALGERIA.—The Government-General 
of Algeria is inviting tenders for the construction of the 
outer port and first part of the inner port at Bougie. 
The more important works are the construction of 
3,000 m. of jetty, 800 m. of quay wall, and 1,800,000 
cub. m. of dredging. Firms wishing to tender should 
forward applications without delay to M. Scotto, chief 
engineer, 3, Rue des Vieillards, Bougie. The application 
must be accompanied by a declaration indicating their 
desire to peer Aca name and address, S., naneied 

iculars shou given regarding works of a similar 
ue already carried out. H.M. Consul-General in 
Algeria has been informed that tenders will be accepted 
during the next four months, and that no distinction will 
be made against tenders received from foreign firms as 
inst those received from local houses. United 
ingdom firms who may be interested in this scheme 
should, if they desire to receive further particulars when 
they are available, communicate with the Department 
of Overseas Trade, 35, Old Queen-street, London, 
8.W. 1. (Ref. D.O.T./F.E./7674/P.N.) 
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GREAT NORTHERN 
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RAILWAY. 


CONSTRUCTED AT THE COMPANY'S DONCASTER WORKS TO THE DESIGNS OF MR. H. N. GRESLEY, M.INST.C.E., LOCOMOTIVE SUPERINTENDENT. 
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THROUGH the courtesy of Mr. H. N. Gresley, Loco- 
motive Superint*ndent of the Great Northern Railway 
Company, we had the opportunity of inspecting a 
few days ago two very interesting examples of heavy 
rolling stock recently completed at the Doncaster 
Works. One of these consisted of what is in its way 
the most advanced example of locomotive design in 
the country, and is in keeping with the high reputation 
held by the Great Northern in the matter of locomotive 
pra‘tice. The new engines, of which there will at first 
be two, are illustrated in Figs. 1 to 3, above, and 
Figs. 4 to 6, page 455. From these illustrations the 
design will be seen to be very neat and workmanlike, 
while the dimensions in the table on page 456 will convey 
a good idea of the size and power of this machine. 

The engine is of the 4-6-2 type, and the only other 
engine in the country with which it can be compared 
is the “ Great Bear "’ of the Great Western Company, 
brought out by Mr. G. J. Churchward in 1908. As 
we comment elsewhere in this issue on several features 
of these and other engines, we shall confine ourselves 
here to a description of the new Great Northern 
machine. This engine has three cylinders, 20 in. by 
26 in., and coupled wheels 80 in. in diameter. The 
diameter of the boiler outside the largest ring is 77 in., 
the largest in fact yet introduced on the British 
loading gauge. Another striking feature is the large 
grate area (41°25 sq. ft.) coupled with fire-box heating 
surface of 215 sq. ft. 

All three cylinders drive on to the middle axle. 
The two outer cylinders are horizontal while the centre 
one is necessarily inclined at 1 in 8 to enable the rod 
to clear the leading couple axle. The valve gear is of 
the Walschaert type for the outside cylinders, while 
distribution for the inside cylinder is secured through 
horizontal rocking levers ple ced ahead of the cylinder 
casting under the running board, and driven off the 
outside cylinder valve spindles. The drive which 
Mr. Gresley thus obtains is a combination motion 
of the two outside valve spindles and two levers. The 
right-hand valve spindle tail rod works a large 
horizontal rocking lever, while the left-hand spindle 
works a short lever pivoted on the end of the main 
rocking lever nearest to it. This pivot and the main 
fulcrum of the larger lever are fitted with roller bearings. 
The opposite end of the shorter lever is coupled up 
with the valve spindle for the inside cylinder steam 
chest. The steam chests are all in one plane across the 
engine. The return cranks for the outside gears are 
fitted with ball bearings. 

The rods are of I-section with wide flanges and thin 


webs, and appear to be particularly light. They are of 
heat-treated nickel chrome steel, which has also 
been used for the hollow piston rods and the pistons. 

The boiler, as already remarked upon. is exceptionally 
large. It is of the conical type, the first ring at the 
smoke box end being 69 in. in outside ‘diameter, while 
the second ring tapers towards th> fire-box shell, and 
is 77 in. in diameter where it joins the latter. The 
fire-box shell tapers towards the back head, where 
the diameter is 73 in. The fire-box is of the wide 
type and is arranged with a combustion chamber. 

The general appearance of the boiler, which is of the 
radial stay type, will be gathered from Fig. 4, while 
Figs. 5 and 6 show the fire-box, which it will be noticed 
bears a strong resemblance to the Pennsylvania design 
illustrated in Plate XV of vol. cii of ENctnnertne. The 
length of the barrel is by no means excessive for so 
large an engine, and the provision of the combustion 
chamber has enabled the tubes to be kept to a reason- 
able length, and has furnished valuable additional 
volume and surface at the ead of the boiler where it is 
most serviceable. The fire-box casing has a length 
at the foundation ring of 6 ft. 8 in., and is 7 ft. 9 in. 
wide. The engine is fitted with the Robinson super- 
heater, particulars of which are given in the table on 
page 456. An interesting feature is that Mr. Gresley has 
cut out a good deal of the long return loop of the super- 
heater elements, and thus eliminates an amo.nt of 
ineffective weight, while securing less resistance to the 
steam on its passage to the cylinders. The boiler 
is fitted with two 4-in. diameter Ross safety valves 
set to blow-off at 180 1b. per squareinch. The principal 
mountings are shown on the boiler in Fig. 4. A turret 
or combination mounting is fitted over the fire-box 
and several of the fittings are piped from this. The 
regulator can be operated from either side of the cab 
by either of two inverted levers which work on to a 
cross-shaft. The litter passes through two stuffing- 
boxes in a mounting which encloses the short arm 
coupled to the regulator rod. The regulator valve is 
of the double-beat balanced type. 

Screw reverse is provided, the screw being arranged 
vertically, and the double-ended handle in a convenient 
position for the driver. The reversing gear is fitted 
with a lock on the serew operated in connection with the 
vacuum maintained for the brake. A simultaneous 
lock comes into action on the weigh-bar shaft which is 
of the spring-balanced type used for many years 
by the company, to which has now been added a drum 
and “ Ferodo”’ lined clutch operated also by vacuum. 
An indicator scale and pointer arranged on the boiler 











head show the cut-off. The main frames are 1} in. 
thick and are strongly stayed by steel castings at 
various points. They are 4 ft. 1} in. apart, but at the 
back of the rear couple wheels are joggled out so as 
to come outside the trailing wheels which have outside 
journals and boxes, the latter being allowed 2} in. 
lateral movement in radial guides. The driving wheel 
base is 14 ft. 6 in., and the total engine wheel base 
35 ft. 9 in., but the rigid base is confined to the 
coupled wheels, and the engine will take a four-chain 
curve. 

The cab is comparatively roomy in spite of the large 
boiler head projecting back into it. Double sliding 
windows are arranged on each side, and spectacles as 
large as the general lines of the design will permit. 
A comfortable seat is furnished for the driver. The 
general. cross-section runs practically to the extreme 
permitted by the loading gauge, the chimney top 
and cab roof being 13 ft. 4 in. above rail level. The 
top of the dome cover is # in. less, while the tops of 
the safety valves are *; in. higher. In width the 
extreme measurement is over the running board 
at the cab where the engine is 9 ft. across. At the 
cylinders the extreme width is 8 ft. 9 in. The cab 
itself is 8 ft. 43 in. wide outside. 

The engine is arranged with independent springing. 
The bogie springs are helical, 10} in. long free, and 
5x in. outside diameter, of Timmiss’ section. The 
leading and trailing drivers have laminated springs 
with 3 ft. 6 in. centres, and 11 plates thick, § in. by 
5 in. wide. The driving springs are helical, 11} in. 
long free and 6} in. in outside diameter, of Timmiss 
section. The trailing springs are laminated plate, 
4 ft. 6 in. between centres and 10 plates thick, § m. 
by 5 in. wide. The engine is braked by means of two 
vacuum cylinders placed between the frames at the 
back of the bogie and cylinders, and equalised brake 
rigging operating single blocks placed on the trailing 
side of the wheels. 

The tender is mounted on eight wheels, 4 ft. 2 in. in 
diameter, the two centre axles being permitted a 
certain amount of side play. The wheel base is 16 ft. 
The tank accommodates 5,000 gallons of water, and 
the coal capacity is 8 tons. ‘ 

The leading particulars of the engine are given In 
the table at the end of this article. 

The articulated sleeping car, which we also had an 
opportunity of inspecting on the same occasion, 15 
a very fine example of coach building, the design of 
the interior being especially commendable for the care 
which has been taken to eliminate ornamentation 
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while paying more than usual attention to the comfort 
and convenience of the passengers. The combined 
vehicle has a length over buffers of 115 ft. 6 in., and 
each body provides 10 single-berth compartments. 
In addition there is a toilet compartment, and an 
attendant’s compartment fitted up so that tea, &c., 
may be supplied on the train. The greatest width 
is 9 ft. outside, and the length of the beds is 6 ft. 4} in. 
by 2 ft. 6 in. wide. 


being 8 ft. 6 in. apart. 





The total weight of the vehicle is 


62 tons, carried on six axles, the bogie axle centres | Messrs. Heal and Co. 
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manently coupled in the centre, the gap of 1 ft. 1 in. 
between them, being closed by a complete vestibule 
diaphragm which encloses the gangway fall plate, thus 
excluding dust and draughts. Six doors are provided. 
The corridors are finished with teak inside, delight- 
fully plain and devoid of mouldings or ornamentation. 
The ceilings are dead white. The compartments are 
similarly finished, but in mahogany and white enamel 
above the waist rail and white roof. The beds are by 
Hot and cold water is supplied 
to a porcelain basin in each compartment, A large 


The bodies are in teak (finished in the natural wood) | mirror and folding table are also furnished. The 


carried on steel underframes. 


The bodies are per-' windows are operated by means of a small crank 
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handle, and can be raised and lowered without drawing 
the blinds and curtain. The upper part of the window 
is fitted with vertical louvres which can be set to 
suit the direction of travel. Each compartment is 
fitted with an exceptionally liberal supply of rack and 
shelf accommodation. The control of the lights, 
ventilators, warming apparatus, bell and fan are all 
brought to a panel close to the head of the bed. A 
reading lamp is fixed to the head of the bed, while 
the three lights in the roof are arranged for semi- 
indirect illumination and can be run full on, or dimmed 
for the night. 

Doors communicate between several of the com- 
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partments so that these can be transformed into 
eight double-berth com: ments. The doors, &c., 
are fitted with recessed handles, bolts, &c. The floor 
is covered with felt, over which is cork linoleum and 
Axminster carpeting. The attention paid to the 
convenience of the passengers without ostentatious 
display is especially noteworthy, and is an advance on 
anything previously seen in this or any country. 
Particulars of 4-6-2 Type Locomotive. 
Cylinders (three vs wee 20 im by 26 in. 
Cylinders (outside), centre to , 


centre... ... Hee --. 6 fb, 8} in. 
Valves (outside), centre to 

centre ... oon van -» 7 ft. lpin. 
Valves : 

Type Piston. 

Diameter 8 in. 

Maximum travel iy in. 

Outside lap 1} in. 

Inside lap in. 
Return crank radius 6% in. 
Cut-off infull gear _..... 65 per cent. 
Wheels, diameter, bogie 38 in. 
Wheels, diameter, coupled 80 in. 
Wheels, diameter, trailing 50 in. 
Journals, bogie ... 6} in. by 9 in. 
Journals, coupled 93 in. by 11 in. 
Journals, traili 6 in. by 11 in. 
Crank pins, outside 5} in. by 5} in. 
Crank pin, inside , neal 8} in. a4 53 in, 
Coupling-rod pin, leadi 44 in. by 4} in. 
Couniingoal an driving 6 in. by 4} in. 
Coupling-rod pin, trailing .» 4in, by 44 in, 
Boi ce bean diameter, front 

ring ... age ove +» 69in. 
Boiler barrel diameter at fire- 

box... oes oes cos TU my 
Boiler barrel, ey éce --» 19 ft. 
Boiler barrel, thickness of plates }} in. and § in. 
Fire-box sheil, totallength ... 9 ft. 5} in. 
Firebox, le at bottom 6 ft. 8 in. 
Fire-box, width at bottom ... 7 ft. 9 in. 
Fire-box, length inside at top... 7 ft. 11} in. 
Fire-box, length inside at 

bottom eth Sig ane gee et OURd a, 
Fire-box, width inside at 

bottom aoe aie «> 6 fo, L1pin. 
Fire-box, width at centre line of 

boiler ... in bbe -» 6 ft. 44 in. 
Fire-box, height of crown above 

foundation ring (front) «» 6 ft. 812 in. 
Fire-box, height of crown above 

foundation ring (back) 6 ft. 0,5, in. 


Fire-box, thickness of copper 
plates (sides) ... 


eee a & @. 
Fire-box, thickness of copper ra 


plates (back) ... a“ coe «=f in. 
Fire-box, thickness of copper 
lates (tube) vit .. lin. and | in. 
Tubes, small 168, diameter sf in. 
Tubes, | 32, diameter 54 in. 
Tubes, thickness, small 10 W.G. 
= oa large coe «fy in. 
Tubes, length between tube 
plates ... tae dig ou, BOT. 
Heating surface, tubes 2,715 sq. ft. 
Heating surface, fire-box 215 sq. ft. 
2,930 sq. ft. 
Superheater surface 525 sq. ft. 
Total ... 3,455 sq. ft. 
Grate area 41-25 sq. ft. 
Boiler pressure oeb 180 Ib. per sq. in. 
Weight on bogies eee 17 tons 1 cwt. 

* on coupled wheels 60 tons. 

» On trailng wheels 15 tons 8 owt. 
Weight, total, of engine «+ 92 tons 9 cwt. 
Tractive effort at 85 per cent. 

| ae oes eee --» 29,835 Ib. 
Tender, weight loaded ... -. 56 tons 6 owt. 


Engine and tender, wt. loaded 148 tons 15 ewt. 





THE TALBOT STEEL PROCESS AND OTHER 
OPEN-HEARTH PROCESSES. 

Tue paper on “The Talbot Process in comparison 
with Other Open-Hearth Processes,’”” which Dr. F. 
Schuster, manager of the Witkowitz Works, read before 
the 1914 May meeting of the Iron and Steel Institute, was 
highly appreciated by Mr. Benjamin Talbot, of Cargo 
Fleet, himself, and by others, as an important research of 
considerable technical value. In the autumn of the same 
year Dr. Schuster brought the subject before a meeting 
at Dortmund, in Westphalia, where it was thoroughly dis- 
cussed by steel makers and othes with varied preferences. 
When Witkowitz had adopted the Talbot process after 
trying the duplex process ( mer converter and open- 
hearth), the former was practically unknown on the 
Continent—the Senelle plant had been shut down after 
one year’s trial—and several American works had also 
reverted to other methods. Dr. Schuster started opera- 
tions in Witkowitz after having made very searching 
inquiries both in England and America, and his first 
year’s experience (discussed at the meetings mentioned) 
with a daily steel production of 1,000 tons, was so satis- 
factory that the works added several 200-ton Talbot 
furnaces to their plant. 

The extension of the steel works covered mixers and 
gas producers, in addition to the furnaces. An account 
of working conditions and of the 


was contributed by Dr. J. Puppe, now 

itkowitz, to Stahl und Hisen of Jan 
Dr. Schuster has summarised his critical comparison in 
12 pointe. The t of furnaces compared are again 
the Talbot, the We eee and the ordinary 
fixed Martin furnace. Dr. pe fully confirms the 
favourable in, expressed his predecessor! as 
to essential features : of 


; atthe 


manager at 
5 and 12 last. 


in furnace i ing mixers, at 100, 105 and 107; 
for the year 1916, Dr. Puppe estimated these items at 
100, 110, 117. After 1917 the conditions became less 
favourable to the Talbot owing to the relatively 
low prices of and high prices of pig-iron. In 

a predominance of in is not 
i as the cold + ag, Ticnae bath. But recently 
they had at Witkowitz charging with 70 parts of 
pp Be 30 parts of a pig-iron containing 1-5 per cent. 
of phosphorus, and the Talbot had once more proved 
efficient and economical. Schuster found that a good 
steel could be obtained in the Talbot furnace from a 
more highly phosphoric iron than in other furnaces ; 
Puppe considers this advantage is shared by all 
tilting furnaces of suitable construction. The primary 
cost of the Talbot furnace is higher than that of other 
small-size beg | furnaces and of stati Martin 
furnaces ; but the increased daily output of former 
a for that disadvantage. Thus the balance 
of Witkowitz experience remains in favour of the 
Talbot process. The detailed information given by 
Dr. Puppe about the furnace construction, furnace 
operation, refractory materials, &c., will be found of 
interest. 








DISTILLATION OF MIXTURES OF COAL 
AND OIL. 


In the course of some experiments conducted - the 
United States Bureau of Mines in conjunction with the 
Trent Process prc grees it was observed that mixtures 
of pulverised and heavy oils yielded a denser coke 
than the coal alone, and that even anthracite could be 
coked in this way. The Bureau therefore resolved to 
investigate whether intimate mixtures of coal and oil 
would, on low-temperature carbonisation, give more 
valuable products than could be obtained from the 
separate constituents. The problem—which is not 
one orn new—was also approached in the hope of 

ucing a coke for domestic use in one operation 
rom low-grade coal mixed with oil. 

The report on this investigation, by J. D. Davis and 
C. E. Coleman, of the Pittsburgh Experiment Station, 
speaks of the intimate mixtures used as “ amalgams ”’ 
—not a term to be recommended. The amalgams were 
prepared by churning 12 kg. of non-coking coal, powdered 
to 200 mesh, with 12 litres of water and 5 kg. of a highly 
viscous, asphaltic Californian oil; the mixture, agglo- 
merated to lumps of pea size, was drained and air-dried. 
The retort for the carbonisation at 600 deg. C. 
was a very heavy 6-in. iron pipe, wound with nichrome 
wire; the retort was charged with about 5 kg. of the 
material. In parallel tests ordinary mixtures and the 
separate materials were distilled. An interesting part of 
the apparatus was an electric high-tension precipitator 
for the tar mists ; this precipitator consisted of a i 
glass tube, 1} in. or 2 in. in diameter, over 3 ft. high, 
wound outside with aluminium ribbon; the internal 
electrode, charged to 20,000 volts, was an axial copper 
wire. This small tube only operated satisfactorily as 
long as the rate of the gas flow through the tube did not 
exceed 0-1 cub. ft. per minute. The condensed vapours 
were distinguished as light oils or cae stock, boiling 
below 221 deg. C.; heavy oils or kerosene stock boiling 
between 221 deg. and 300 deg. C., and gases. 

idering our scanty knowledge of the real nature of 
coal carbonisation it would have been inadvisable to 
predict the probable effect of distilling the intimate 
mixture upon the quantity and —_ of the ucts. 
It was found that the mixture yielded more than twice 
as much , but only half as much tar as the con- 
stituents disti separately. The gas was, 
however, by 43 B.Th.U., or 5 per cent., richer per cubic 
foot than the combined gases from the coal and oil, 
and thus the total heating value of the amalgam gas 
considerably exceeded that of the sum of the gases from 
the coal and oil. The additional gas came mainly from 
the oil. The coke amount obtained was increased by 


18 per cent. by mixing the constituents before distillation, 

the coke, th not very firm, was denser than the 
coke from the alone. The yields of oils, gasoline 
stock and also stock, were decidedly lower. 


ight oils strongly predominated in the distillate ; 
original oil was probably adsorbed by the coal and held 
in contact with it = temperatures a3 — its normal 
boiling point. The proportion of light oil might be 
raised by distilling at reduced pressure. The chief result 
of the combined distillation was an increase in the 
amount of gas obtainable. That will be an advantage 
under certain conditions. To draw an economic balance 
large-scale experiments would be required. 





Suprptry or Water To Moror Wagons: Looxme 
MeEcHANISM.—The Conjoint Committee of representa- 
tives of the British Waterworks Association and of 
representatives of Commercial Motor Users and Manu- 
facturers have awarded the > offered in January 
last, for the best design for a ing me to control 
the supply of water to steam wagons and —— 
to Mr. A. R. U. Heath, M.LA.E., of Bexleyheath, b 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is very quiet, but contracts already made, and 
occasional purchases, continue to take up the output 
of the five furnaces blowing. -An idle furnace in the 
Cargo Fleet group is to be relighted on foundry pig-iron, 
but this will not ide iron for the market as the make 
will be by the owners. Several other cold 
furnaces are ready for rekindling so soon as the time for 
such action is deemed opportune, but of re. 
lighting is not very ing, as under existing con- 
ditions uction of Cleveland pig-iron is far from 
profitable. The f.o.t. and f.o.b. quotations are: No. 1, 
and silicious iron, 95s.; No. 3 G.M.B., 90s.; No. 4 
foundry, 87s. 6d.; No. 4 forge, 85s.; and mottled 
and white, 808. 


Hematite.—Demand for} h is quieter, and 
West Coast competition is increasing. Supply is 
becoming rather plentiful, the make of the 15 furnaces 
in operation somewhat exceeding requirements. Pro- 
ducers are in the market to sell at lower rates than have 
ruled for some time past. Nos. 1, 2 and 3 East Coast 
brands are in the neighbourhood of 978., and No. 1 is at 
@ premium of a shilling. 

Blast-Furnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig-iron for the first quarter 
of the year has been certified at 88s. 6d. per ton, as 
compared with llls. 2-15d. for the previous three 
months. This a@ reduction in North-East Coast 
blast-furnacemen’s wages for the second quarter of the 
year of 1-50 (14) per cent., lowering wages from 36 per 
cent. above the standard to 34-50 (344) per cent. above 
the standard. 


Foreign Ore.—Some improvement is noticeable in the 
foreign ore trade. Fairly good sales of Mediterranean 
sorts are reported to have been made at round about 
22s. c.i.f., and best rubio is quoted 27s. c.i.f. 


Coke.—Local consumers of Durham blast-furnace 
coke show marked disinclination to pay the rates asked. 
They report they can purchase pe qualities at 
278. 6d. Saesned, but many sellers will not entertain 
offers at less than 28s,, and some firms ask up to 29s. 


Manufactured Iron and Steel.—There is very little 
doing in finished iron and steel, and most manufacturers 
take quite a pessimistic view of the outlook. ay a 
small proportion of plant is in operation. Export orders 
can still be placed at below the following recognised 
quotations for home business :—Common iron bars, 121. ; 
iron rivets, 141.; steel billets (soft), 71. 10s.; steel 
billets (medium), 87. 15s.; steel billets (hard), 9J. 5s. ; 
steel boiler plates, 14/. 10s. ; steel ship, bridge and tank 
plates, 107. 10s. ; steel angles, 101. ; steel joists, 101. 10s. ; 
heavy steel rails, 9J. 10s.; fish plates, 141. 10s.; black 
sheets, 12/. 10s.; and corrugated galvanised sheets, 
161. 5s. 

Shipbuilding.—The shipbuilding industry is in the 
depths of depression, and owing to that fact, labour 
difficulties and poor prospect of revival in trade, the 
directors of Sir ylton Hines and Co., Limited, have 
decided to discontinue business at their Cleveland 
Dockyard, Middlesbrough, and steps have been taken 
to wind up the company by voluntary liquidation. 


tit: 











Water Suprry ror OnpHaM AND RocHDALE.— 
Following negotiations between the Oldham and Roch- 
dale Corporations and the Rochdale Canal, a Bill is to 
be promoted by which the Corporation will seek powers 
to acquire the water that is surplus to the company’s 
P t requi nts, for the joint use of the two 
corporations. The proposal is that the whole of the 
reservoirs and appurtenant works, together with the 
water rights and powers of the company to construct 
additional reservoirs, shall be acquired by the corpora- 
tions, who will make satisfactory ments for 
supplying water for the working of the in addition 
to the statutory compensation to the streams. It is 
e that the corporations will obtain about 
2,500,000 gallons per day from this scheme, which 
quantity will be divided between them in proportion 
to the population which each town es. The 
reservoirs, seven in number, have a total storage capacity 
of 1,530,000,000 gallons, and a drainage area of 4,936 
acres, 








Recovery or Rapium rrom Lumiovus Paint.— 
In his recent course of = lectures on “ core yy 
which we reported at length in our March Pp 
numbers, Sir Ernest Rutherford mentioned that 4 
considerable quantity of radium had been recovered 
from the luminous paints of dials and indicators of 
various types. The way in which this is being done in 
the Government Laboratory, W.C., is described in 
The Journal of Chemical Industry, of March 31, by 
Mr. A. G. Francis, F.I.C. The radium contents may 
amount to 0-4 milli e of radium bromide per 
gramme of zinc sulphide, mixed with many times their 
weight of paint, varnish, asbestos, pieces of glass and 
metal, &c., from which the valuable radium salt has to 
be separated. The material is first roasted, and by 
means of strong sulphuric and other acids, the organic 
matter left in the roasted material is destroyed; the 
sulphates of radium and barium which are thus obtained 
eo feted oil Gelinas cosbonste, and the carbone” 
dissolved in hydrochloric acid. © processes 
simple; but the equivalent of 260 milligrammes of 
radium (element) so far been , and the loss 
of radium during recovery is at less than 
1 per cent. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
American Tariff Bill—Mr. Arthur Balfour sails for 
America in the Olympic to-day to do what he can to 
protect Sheffield’s interests in connection with the 
renewed Fordney Tariff Bill. Largely as a result of 
the campelen ees by the Sheffield steel deputation 
7 


headed . Balfour in August last, the « Bill, 
which embodied prohibitive tarifis, was with — for 
complete ing. The tariffs proposed in new 
measure are believed to be less Grentic, but a serious 


blow is aimed at Sheffield’s trade with America in high- 
speed and crucible steels by the advance of ad valorem 
duties. Otherwise it is expected that the “— 
valuation based on the export price of the country which 
is exporting will be retained. Mr. Balfour will use what 
influence he has to try to convince the American Senate 


that the putting into operation of excessive tariffs will | and 


still longer delay the return to normal exchange between 
Great Britain and America. 


Cobalt Magnet Steel.—Considerable headway is being 
made in the adoption of cobalt steel for the production 
of magnetos for use in the telephone and automobile 
industries. The new steel is stated to give a coercive 
foree much in advance of that pc d by tungst 
magnetos. On account of the lower percentage of 
cobalt which it contains, it is also less than half the 
price of Japanese magnet steels of similar quality. 
The replacing of tungsten steel magnets of complicated 
shapes by straight-bar magnets of cobalt steel of less 
than half the size, promises to have a revolutionary 
effect on telephone construction. 


Iron and Steel.—Though it is difficult to quote hard 
facts in support, a more hopeful feeling undoubtedly 
exists in the engineering and heavy steel trade. This is 
reflected in the prices of local securities, most of which 
are several points higher than for several months past, 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—The depressed state which has 
prevailed in the Scottish steel trade of late seems to get 
more week by week, and it is unfortunately 
the fact that the outlook to-day is 
as obscure as ever. Not only is the general trade 
throughout the country undoubtedly very bad and few 
industries can see much new work coming on, but the 
labour troubles in the engineering and shipbuilding 
industries are helping to retard any opening out of trade. 
Buyers will not be tempted so long as present conditions 
prevail and any orders passing are only for actual 
necessities and aré still mostly of small dimensions. All 


are 
after which they anticipate lower quotations. At 
to-day’s rates they freely state that business is ogy ay 
that is the case not only with the home but also 
with the foreign buyers. The latter keep sending in 
inquiries for fairly good lots, but at the prices —— 
by makers here very little business gets through. A 
very large amount of plant is idle, and not only is the 
Clydebridge Steel orks, Cambuslang, belonging to 
Messrs. David Colville and Sons, Limited, to be closed 
down indefinitely, but the clerical staff is to go on to 
short time, working alternate weeks or alternate fort- 
nights as . In the black sheet trade the con- 
ditions are likewise very bad despite a few export orders 
which are usually quite quickly overtaken, Stocks 
abroad are fairly low, but the rates of exchange and 
current prices here are keeping down demands. Quota- 
tions generally show no change over the week. 
Malleable Iron' Trade.—Little improvement in the 
demand for bar iron has followed the reduction made in 
prices a week ago, but makers are hopeful of some 
increase in orders before long. The unfortunate thing 
is that buyers continue to hold up orders maintaining 
the opinion that one fall in price is only the forerunner 
of th With on-cost charges so very high at the 





The restriction of the engineering trouble has bled 
the majority of firms to continue practically without 
interruption at one-quarter to one-third their normal 
pressure, though the position is not improved by failure 
to arrive at a settlement of the dispute in the local steel 
ingot-making industry, where three unions are in collision 
with members of the Steel Ingot-Makers’ Association on 
the bject placi semi-skilled operatives on 
labourers’ sliding scales. In the armament department 
attention is again focused on the necessity for some 
definite policy of subsidy if highly specialised plant is to 
be maintained in modern efficiency during the ten years’ 
naval draught. While there is no quotable change in 
official prices of billets, ingots and bars, the undertone 
of the market is firmer, and confidence in placing orders 
to cover future requirements of raw and semi-finished 
products is slowly being restored by the belief that 
price movement may shortly show an upward tendency. 
In ferro alloys, tungsten powder is still very much in the 
dumps, but business in ferro-chrome has received a 
fillip from the increased concentration on the possibilities 
of stainless materials. The tool trades are undergoing 
a double handicap, first from the dearth of requirements 
in shipbuilding, and second from the continued under- 
cutting of rates by Continental producers. 


South Yorkshire Coal Trade.—Slacks are going out 
of hand much more freely because of the necessity to 
increase reserves for use at coke ovens and boilers during 
the Easter holidays. There is still a wide variation in 
quotations, but business is mostly being done in the 
neighbourhood of official rates. Steam coal pits are 
largely dependent on the export demand, though inland 
sales are slightly more active. fuels are easier, 
following reducea consumption, but as heavy inroads are 
being made into reserves, it is likely that deliveries in 
the early future will require to be on a larger scale. 
Values of secondary es of house fuel are suffering 
from the increased dumping of the manufacturing 
surplus. On the other hand maximum prices are 
maintained for, best qualities, collieries having no 
difficulty in discharging the whole of their output. 
Quotations :—Best branch handpicked, 38s. to 39s. ; 
Barnsley best Silkstone, 36s. to 37s.; Derbyshire best 
brights, 32s. 6d. to 34s. ; Derbyshire best house, 31s. to 
338. ; Lerbyshire best large nuts, 27s. 6d. to 28s. 6d. ; 
Derbyshire best small nuts, 17s. to 198.; Yorkshire 
hards, 238. to 248.; Derbyshire hards, 21s. 6d. to 
22s. 6d.; rough slacks, 14s. to 158.; nutty slacks, 
8s. to 98. 6d. ; smalls, 26. 6d. to 6d. 6d. 








Tue InrgrnationaL Rattway Association.—In 
connection with the Congress of this Association, which 
opens at Rome on the 18th inst., The Railway Gazette 
has issued a special number giving illustrated descriptions 
in English and Italian of the railways of Italy. 





FIREPROOF TIMBER IN SHIPBUILDING.—We are 
formed that the new Cunarder Samaria, referred tovin 
another part of this issue, has been fitted with bulk- 
head doors constructed of mahogany fireproofed by the 


‘* Oxylene””’ process. These icular doors are 7 ft. 
high, 4 ft. wide and 1jin. thick. Similar doors are being 
fitted on the Laconia and Ausonia, now under construc- 


tion for the Cunard line, as well as on.a number of other 
vessels. The doors, which have been igd, by the 
Timber Fire: Company, Limited, Market Bos- 
worth, near Nuneaton, were all fitted under be Nae gn 
vision of the Principal Ship Surveyor of the of 
Trade. The process is, of course, by no means new, 
having been largely employed in warships, railway 

"stock, &c., but the cular application above 
referred to, we believe, is of comparatively recent date. 





present time it is difficult to see how “ crown”’ bars can 

t much lower than 11/. per ton at Glasgow stations. 

ucers state that that quotation shows little or no 
margin of profit. 

Scottish Pig-Irén Trade.—There has been practically 
no expansion of business in the Scottish pig-iron trade 
this week on account of the labour troubles, but the 

iations now going on in London may result in a 
Delghtor outlook.. For the i diate p t, however, 
buyers are going very cautiously and are not entering 
into large commjtments. The current output is only 
being got rid of with some difficulty, and mostly after 
negotiation between buyers and sellers, the latter making 
every een pool le to meet the former. Prices 
all round show little change, but are, if anything, a shade 
easier over the week. Export is still very slow. 











PrersonaL.—Lieutenant-Colonel C. F. Hitchins, D.8.0., 
M.1I.Mech.E., who recently resigned the appointment of 
eneral manager to Agricultural and General Engineers, 
Fimited, has joined Sir W. G. Armstrong, Whitworth 
and Co., Limited, | 





awaiting a settlement of the labour disputes, | yy 





NOTICES OF MEETINGS. 


Tue Institute or Cost aND WorKs ACCOUNTANTS : 
Lonpon anp District Brancn.—Wednesday, April 19, 
at 7 p.m., in the Hall of the Chartered Institute of 
Patent Agents, Mr. R. Townsend, F.C.W.A., A.C.A., will 





ive an address on “Treatment of On-Cost, with 
articular Refe to Machine Rates." 





Tue Royat Mersoro.ocicat Socrery.—Wednesday, 
April Ay 5 p.m., at 49, rage ae 4 South Rennes 
ton. e following rs wi read: (1) “The 
Relationship eetdeen Rainfall and Temperature as 
shown by the Correlation Coefficient,” by Mr. W. T. 
Russell ; (2) “‘The Correlation of Weekly Rainfall,” by 

. R, A. Fisher, M.A., Rothamsted Experimental 
Station; (3) “The Lunar Atmospheric Tide at Aber- 
deen, 1869-1919,” by Professor 8. Chapman, M.A., 
D.8c., F.R.8., and Miss E. Falshaw, M.Sc. 


Tue Instirvure or Metats: Lonpon Looat Section. 
—Thursday, April 20, at 8 p.m., at the Shaftesbury 
Hotel, Great St. Andrews-street, W.C. 1. Annual 
General Meeting. Address by H. Moore, 0.B.E., Ph.D., 
vice-chairman, “The Ball Hardness Test.” 


Tue Instrrvtion or MINING AND METALLURGY.— 
Thursday, April 20, at 5.30 p.m., Annual General 
Meeting at the Rooms of the Geological Society, Bur- 
li m House, Piccadilly, London. sentation of the 

id Medal of the Institution and other awards; Presi- 
dential Address, by Mr. 8. J. Speak, A.R.8.M. 


Tue InstiruTion or Ramway SienaL EnGIngrers.— 
Thursday, April 20, at 3 p.m., at the Institution of 
Electrical Engineers, a paper will be read entitled 
“Location of Signals as an Aid to Traffic Working,” 
by Mr. R. 8. Proud, Assoc.Memb. 


Tue Junior Instirvurion or ENnGIneers.—Friday, 
April 21, at 8 p.m., at Caxton Hall, Ordinary Meeting, 
“Condenser and Coke Coil Protective Apparatus,’’ by 
Mr. 8. A. Stigant, A.M.I.E.E. (Member). Slides, 


Tue Instrrution or Propvoction ENGINEERS,— 
Friday, — 21, at 7.30 p.m., at the Institution of 
Mechani ngineers, Storey’s Gate, London, 8.W. 
Mr. J. R. Smith, A.M.L.E.E,, chief electrical engineer 
of Messrs. J. and E. Hall, Limited, Dartford, will read 
a peper, to be illustrated by lantern slides, dealing with 
“ Electricity in a Machine Shop.” 

Tue Instrrure or TRransport.—Friday, April 21, 
at 5 p.m., at the Royal Society of Arts, John-street, 
Adelphi, W.C. Lecture, “The Operation of a Large 
Tramway Undertaking, with Reference to Capacity and 
—_ ae Given Conditions,” by Mr. J. K. Bruce, 

ember. 


Tue Hott Assoortion or EnGtnerrs.—Saturday, 
April 22, at 7.15 p.m., in the Lecture Hall of the Hull 
Municipal Technical College, a lecture will be delivered 
on “ Marine Geared Turbines,” by Mr. A. T. J. Kersey, 
M.1.A.E,, A.M.I.Mech.E. Chairman, Mr. G. A 
Riordan, B.Sc., M.I,.Mech.E. 





Sourn-Western Potyrecunic Inst1ruTE.—A short 





GaLvanisInGc PLants In Japan.—The tary of 
the London Iron and Steel Exc , Limited, states that 
buying from the Far East has fallen off of late, the 
principal demand from that quarter being for black 
sheets which the Japanese are reported to be galvanising 
in quantities in the coufitry, more than 20 
galvanising plants having been laid down in the past 
year or so. 





CrystTat Parace ScHoot or Practica, ENGINEERING, 
Encineertne Soctety.—The Wilson premium for the 
best paper read ‘before this Society during the past 
session, was awarded to Mr. W. Hamilton for his P aa med 
on “‘The Port of Calcutta.” Other papers read during 
the session were “ The Classification and Uses of Coal,” 
by Mr. C. G. B. Wale, and “ Mechanical Road Trans- 
port,” by Mr. R. 8. L. Lee. The premium was handed 
to Mr. Hamilton by Lord Headley, past president of the 
Society of Engineers, on the occasion of the 148th 
certificate distribution, at which he presided on the 
11th inst. 





Inon Works 1s Curva.—The Chinese Government 
a of Economic itor a be the — 
en Mining Company formerly depe on Hany 
other iron iin bos smelting the iron ore it omias. 


tured. To send the ore from ing (the Lung-yen mines 
in the vicinity of tbe Kelgon) to ow for 


ting was far too costly a process, and this accounted | C 


=. the cost of the J poe produced. 
great mvenience, the company decided to bui 
a blast is i under 


this is now construction. 


furnace, 
The site of the furnace is near the Western Hills, and has the 


communication with Peking over the Peking- 
Mentoukow Railway. Work was in October, 
1920, and will be) finished by April next. When com- 
pleted, the furnate will be 147 ft. high. It will have 


eq , besides the furnace, five boilers of 
2, bps three ‘electric generators of 2,500-kw., two 
turbine blowers, four stoves, and a number of pumps. 


peste Mae also construct a y congo A capable = pro- 

tons castings yy, @ pattern shop, a 
blacksmith shop and a aaa for irs. The 
eq 1,160,000 dols. in United States 


uipment, 
currency, was ordered t the American Tradi 
Company. Eight hundred labourers are now eng 
in the construction work, under the supervision of three 
Chinese engineers, all of whom have returned to China 
after education in the United States. 


an average ity of 250 tons of pig-iron 24 hours, 
SiS Melinoee cupectee of tons. The whole | able 





of 10 lectures on the “‘ Chemistry and Technology 
of Petroleum ” will be delivered by Mr. Fred. Esling, on 
Thursday afternoons, at 2 o’clock, commencing April_27, 
1922. fee for the course is 10s, Further informa. 
tion can be obtained from the Head of the Chemical 
Department, Manresa-road, Chelsea, 8.W. 3. 





Tue Baririsx Corporation Recister.—The register 
book of the British C ration for the Survey and 
Registry of Shipping, has just been issued for the current 
year and a copy of it has been forwarded to us. The 
register contains a list of shipowners, but the ater 
part of the pe age lal ye A by the tables of data 
relating to ships c wit! Corporation, arranged 
in alpbabetion! order, particulars of seven vessels 
being given on each page. A list of vessels havi 
freeboards assigned by the Corporation but not easel 
in that is also included, together with a separate 
list of ships fitted with refrigerating machinery. The 
Register is issued to subscribers only and the subscription 
for firms and individuals is 31. 8s. for the first copy and 
ll, lls. 6d, for each additional copy. The head office 
of the British Corporation is at 14, Blythswood-square, 

Ww. . 





Otp Masrers.—-Dis- 
al Institution, on 
inburgh, Professor of 
to the Royal Academy, mentioned that the 
blue, dating back to the fourth Dynasty, 
was obtained by fritting sand with lime and mala- 
chite. The use of copper-blue spread, but 
secret of its manufacture was lost after the 
second cent A.D., and was only rediscovered quite 
recently. U: the temperature were kept between 
about 820 deg. and 880 deg. C. for periods of from 
24 hours to 48 hours, the pigment turned out green ; 
such a prolonged temperature control was remark- 
even in our days, and many ancient greens 
were i cages f failures of the blue pigment. The = 
lazuli blue of illuminated parchments was rather dull 
until, among — improvements, eg learnt 
in, probably, year 1100, to separate ue par- 
ticles in the mineral 


PicMENTs AND MEDIUMS oF 
—" on this subject at the 
March 18, Dr. A. P. Laurie, of 


by adding rt the ce ; 
ing oil to. water in washing—an 
Sort anteipa tion of ore flotation by oil, The bem tiful 
transparent —_ of German manuscripts was 
~ by Iving vé in pine oil. e gold 
etters of the famous Lindisfarne Gospels (Dur! 


Book, a.p. 700) and earlier Irish hments consisted 
of grains of washed gold, not of gold foil. 
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THE INTERCHANGE OF IDEAS. 


Tue catholicity of good design is an accepted 
feature of engineering, although in various countries 
circumstances may insist upon a somewhat different 
manner of application. In the paper read recently 
by Mr. P. C. Dewhurst before the Institution of 
Mechanical Engineers, it was pointed out that the 
fundamental principles of locomotive design were, 
or should be, common to all countries. The author 
of that paper, was, as frequently happens in such 
cases, taken to task for many omissions of reference 
to details, and for neglect of recent developments. 
Similar criticism was raised against a paper of much 
the same character read before the Institution of 
Civil Engineers in 1903. It is not essential in a paper 
of this class however to refer to every variation in 
detail, or to every application, and Mr. Dewhurst 
was well advised in keeping to the more general 
indications of trend in practice. 

That the two countries of Great Britain and the 
United States have had a very considerable influence 
on one another in locomotive engineering, of late 
years, is abundantly clear to anyone who has 
followed at all closely the designs of the two schools. 
We do not think it will be disputed when we say, 
without in any way casting disrespect on an honoured 
generation, now almost past, that the older school 
here of, say, up till 1898 or so, was, with a few 
exceptions satisfied with slow and very cautious 
developments, often of so minute a character that 
their introducers were classed as timid by brother 
engineers. Apart from the attempt made to estab- 
lish the compound in various forms, over here class 
followed class all bearing a strong family resem- 
blance to the predecessors on their particular lines, 
while in the United States the manufacturers ran 
in the direction of variety with little apparent | kno 
consistency. 

In both countries a change came when the 
mechanical department was forced to realise that 
train loads had altogether out-distanced the power 
of the locomotive of the day. From concentrating 
nearly our whole attention on the attainment of 
economy by the use of well-designed valve gears 
and well-proportioned 'ocomotives of comparatively 
small size, we, in this country were then com- 
pelled to turn attention to greater power, in the 
meantime making use of double-heading. In 
America at that ti.ne economy did not hold the 
same prominence as with us. There was no sacred 





limit of 28 or 32 Ib. of coal per mile, not to be 
exceeded by any engine, with the result that bolder 
steps were taken. Though mistakes occurred it was 
not long before it became apparent that the larger 
engine was often more economical than a smaller 
one. A little subsequent thinking in both countries 
led to much the same result. The Americans went 
ahead almost on the lines of pure economics, while 
we followed so as to cope effectively with increased 
traffics. One of those early in the field, it may be re- 
membered, was Mr. J. F. McIntosh, of the Caledonian, 
whose Dunalastair class was provided with larger 
boiler capacity than anything previously tried in 
this country. The importance of enlarged boiler 
capacity gathered head, and bit by bit the various 
companies brought out classes improved in this 
direction. From the so-called ‘single wheeler,” 
or the four-coupled six-wheeled engine, we branched 
off to the four-coupled bogie engine, a design, be 
it noted, then already so general and popular in 
the United States as to be known as the “* American” 
type. Our friends across the Atlantic continued to 
push on, and after various excursions into minor 
fields settled down to the Atlantic type (44-2) 
as representative for high speed passenger work. 
A little later we took up the same wheel arrange- 
ment, the practically simultaneous appearance of 
Mr. (now Sir) J. A. F. Aspinall’s L. and Y. inside 
cylinder, and Mr. H. A. Ivatt’s G.N. outside 
cylinder, engines marking a distinct period in British 
practice. It is further interesting to note that the 
improvement of the Great Northern “ Atlantic” 
class, by the adoption of a still Jarger boiler, and 
the now well-known wide fire-box which has been 
such a feature of these engines, followed close on 
the heels of a visit to the United States, by Great 
Northern officials, at a time when this form of box 
had just become firmly established and was 
deservedly popular. 

A good while before this the six-coupled ten- 
wheeled engine had been developed in the United 
States, and this, when subsequently adopted here 
became one of the most popular for our main line 
work, a position which the class still holds. The 
10-wheeler, however, did not satisfy the demands 
for power in the United States, and attention turned 
naturally to the 4-6-2 or “ Pacific” type. The 
reason for this, which of course influenced freight 
engine design concurrently, was the gradual con- 
viction that the limit of power of a locomotive was 
the limit of the boiler, and that relatively speaking 
the large boiler was economical. These points were 
fully substantiated by tests which it was possible 
to conduct in the United States. The valuable 
research work of Purdue and of the Pennsylvania 
Testing Plant at Altoona, so unreservedly placed at 
the service of all locomotive designers, has been of 
inestimable value in both countries. It has widely 
affected locomotive design in the United States, 
and has had its influence on British practice. 

A striking example of this is to be seen in Mr. 
H. N. Gresley’s new engines on the Great Northern, 
to which we refer’ elsewhere in this issue. The only 
other engine to compare with Mr. Gresley’s new 
“Great Northern” in this country is Mr. G. J. 
Churchward’s ‘“ Great Bear” of the Great Western. 
The “Great Bear” has, of course, been familiar 
to us for quite a long while now, but it is hard to 
realise that it is practically fourteen years since it 
was brought out. In that time a vast amount of 
useful information has been added to our know- 
ledge of the locomotive and the factors influencing 
steam generation and utilisation in that machine. 
In fact whatever the performance of the “ Great 
Bear,” it is in no sense derogatory to her designer’s 
em to suggest that in the light of more recent 

wiedge that design would quite probably be 
subjected to some modification. There are few 
branches in engineering in which the last fourteen 
years have not seen distinct changes, and familiar 
as Mr. Churchward has always been, as a member 
of the Railway Master Mechanics’ Association of 
America, with American thought and ideals in the 
locomotive world, we can hardly doubt that the 
remarkably able work of, for instance, the Altoona 
plant in the past ten years, would have carried 
some measure of weight with him in such a matter. 

Mr. Gresley in his work has had the advantage 
of this more recent information. In weight, wheel 
diameter and plan, and other features, the Great 
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Western and new Great Northern engines show 
considerable resemblance. Mr. Ohurchward’s engine 
was, however, a four-cylinder machine driving on 
to two axles, while Mr. Gresley’s has three cylin- 
ders, all driving on to one axle. The points of 
chief moment now relate to the boiler. Mr. 
Ohurchward provided the “ Great Bear” with, for 
a British engine, an exceptionally large and long 
boiler, with a wide fire-box. The same general 
character of boiler is retained by Mr. Gresley, but 
the latter has succeeded in adding some 5 in. to the 
largest diameter of his barrel, while using shorter 
tubes and a combustion chamber in his fire-box. 
Those who have closely followed the Altoona tests 
as outlined from time to time in these columns, 
will know that a good deal of investigation work 
has turned on these two last points. The present 
P.R.R. policy is to obtain a free steaming boiler by 
using tubes of reasonable length, and ample fire-box 
volume and heating surface. It is in this direction 
that Mr. Gresley has moved, and if the illustra- 
tions on another are compared with those 
say, published on Plate XV of Volume CII of 
ENGINEERING, the remarkable resemblance of the 
new G.N. with the P.R.R. box will at once be 
evident. The heating surface is added to a very 
valuable part of the boiler, and the tube length 
is correspondingly curtailed, without probably 
serious loss. 

In other respects also Mr. Gresley’s locomotive 
shows the result of study of American research. 
As long ago as 1911 we pointed out that the usual 
superheater element was for a great part of its 
length practically ineffective. This contention was 
enlarged upon in these columns subsequently on 
several occasions, and notably in 1914 when we 
discussed some results obtained at Altoona with 
various types of elements and different degrees of 
superheat. Although these tests have not generally 
borne the fruit which might have been expected of 
them, they undoubtedly indicated the soundness of 
our view showing that only about half of the 
return bend of the element did any useful work 
and that the rest might as well be eliminated. 
Further, when the engine was included the smaller 
pressure drop due to the shorter length gave the 
engine an advantage which resulted in the better 
overall performance. It will be interesting to 
watch the work of the new G.N. engine, since in this 
a good part of the superheater surface of the return 
bends has been suppressed, and in this respect 
we believe Mr. Gresley is the first to break away 
from slavishly filling his smoke tubes with super- 
heater surface which normally can do no effective 
work whatever. We believe Mr. Gresley’s move to 
be in the right direction though there are still further 
possibilities with regard to the smoke tube type of 
superheater which might usefully be exploited if 
locomotive engineers could only convince themselves 
that double hairpin bends and low temperature 
differences are not conducive to good results. 
One thing we think is certain, and that is that 
both in the case of the evaporator and in the case 
of his superheater Mr. Gresley has provided his 
engine with more than usually effective surface. 
The figures for these areas therefore have more real 
value than is sometimes the case, and this should 
be borne in mind when appraising the new design. 
Mere totals of heating or superheating surface may 
in themselves mean very little, of course. 

At the recent discussion before the Institution 
of Mechanical Engineers a speaker remarked upon 
the use of high grade alloy steels on the Pennsyl- 
vania Railroad and other systems. This is the 
scientific result of careful investigation. In America 
as the weight and power of pea increased due 
care was not at first exerci in keeping down 
the weights of the working parts. As a consequence 
troubles arose until lessons in more careful pro- 
portioning were learnt not only from this country 
but from the Continent, where, as, for instance, in 
Germany and Austria, lightness of design was 
particularly aimed at. The use of high grade 
alloy steels naturally followed, with the result that 
more weight can now be put into the useful part 
of the locomotive, to wit, the steam generator. 
The grades of steel used for various purposes on the 
Pennyslvania were given on 295, vol. CII 
of ENGINEERING, together with designs of main, 
side, and hollow piston rods made of them on page 
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245, &c., of the same issue. Mr. Gresley has 
used alloy steels of somewhat similar analysis and 
treatment, though higher in nickel, in his 2-6-0 
engines, and the extension of their use to the new 
express engines where design has been pushed to 
the limit of the loading gauge is logical, though 
we understand that Mr. Gresley still has a ton or 
two to spare so far as the permanent way limits 
are concerned. 

We might continue] at length the citation” of 
examples of one country borrowing ideas from the 
other. America has learnt a good deal from 
European practice, but we are ready to admit 
that we have benefitted by many ideas first 
adopted over there. Through our fault or our 
misfortune, we have not had the advantage of 
exhaustive investigations to go on, and our draw- 
ing offices have had to work largely with imported 
information. It has been our loss that it has 
never been possible to carry out over here a sys- 
tematic series of investigations on British engines. 
Tn view of the fact that in working up our own facts 
we have been forced to draw deductions from data 
from which it has never been possible to exclude 
masses of variables, it is a great tribute to the British 
sense of fitness of design that such a large preponder- 
ance of successes can be recorded. 





THE SHIPBUILDING INDUSTRY. 

In view of the existing industrial situation, little 
surprise will be felt that the tonnage of merchant 
shipping under construction in this country con- 
tinues to decline. The returns just issued by 
Lloyd’s Register show that on March 31 last the 
total gross tonnage of steamers, motor ships and sail- 
ing \vessels classed as under construction amounted 
to 2,235,998. This figure, it may be remarked, 
is about 1,563,000 tons, or 41 per cent., lower than 
that for March 31 of last year and about 404,000 
tons (15 per cent.) less than the corresponding 
figure for December 31 last. Of the 2,235,998 
tons which are regarded for statistical purposes as 
being under construction, work has been suspended 
on 617,000 tons (nearly 28 per cent.), which reduces 
the tonnage on which work is actually proceeding 
to 1,619,000. The latter figure, it may be remarked, 
is 271,000 tons lower than the average tonnage 
under construction in this country for the four 
quarters immediately preceding the war. 

Moreover, the tonnage mentioned above on 
which work has been suspended takes no account 
of delays arising from the present dispute in the 
shipbuilding and engineering industries. The situa- 
tion is thus a particularly gloomy one, especially 
as the slight ‘increase in the tonnage commenced 
during the December quarter, referred to in our 
article on page 50 ante, has not been maintained. 
The tonnage actually commenced during the March 
quarter was 51,008, which is practically the same 
as the figure for the September quarter of last year, 
and is 4,282 tons lower than that for the December 
quarter. The tonnage launched during the March 
quarter also shows a very material reduction in 
comparison with the previous quarter. The figure 
for the March quarter was 334,352 tons, which is 
132,894 tons, or over 28 per cent., lower than that 
for the December quarter. 

Of the tonnage now classed as under construction, 
2,099,507 tons consists of steamers, 133,991 tons of 
motor ships, and the remaining 2,500 tons of sailing 
ships. The total number of vessels building is 437, 
and, of the three classes of shipping just mentioned, 
the numbers of vessels in hand are 397, 29 and 11, 
respectively. As is usually the case, the largest 
proportion of the tonnage now building is in hand 
on the Clyde, the figure for Glasgow being 602,702 
tons, while that for Greenock is 185,956 tons. 
Between them these two districts account for over 
35 per cent. of the tonnage now under construction 
in this country. The figure for the Tyne is 438,154 
tons, or nearly 20 per cent. of the total, while Belfast 
accounts for 305,610 tons (134 per cent.), Sunderland 
for 181,457 tons (8 per cent.), Middlesbrough for 
99,987 tons (44 per cent.), and Liverpool for 89,950 
tons (4 per cent.). The only other districts with 
over 50,000 tons of shipping in hand are Hartlepool, 
Dundee and Barrow, for which the figures are 56,680 
tons, 56,350 tons, and 55,868 ‘ons, respectively. 

About 26 per cent. of the shipping now building 





in this country, or 574,816 tons to be exact, is 
intended for foreign owners. For Dutch owners we 
are at present building 143,707 tons of merchant 
shipping, while France, for whom we have 117,786 
tons in hand, is our next best customer. In addition, 
149,275 tons are being built for sale or for owners 
whose flag has not been stated. The large ships 
now building, i.e., vessels of 10,000 tons and over, 
number 44, as compared with 51 in the December 
quarter. Of these ships, 4 come between 10,000 
tons and 12,000 tons, 17 between 12,000 tons and 
15,000 tons, 18 between 15,000 tons and 20,000 
tons, while 5 are of over 20,000 tons. Excluding 
vessels of less than 1,000 gross tons, there are 64 
tankers, with a total gross tonnage of 416,654, 
under construction in the United Kingdom, and 
this figure, we may add, is about 68 per cent. of the 
total tonnage of this class of shipping now building 
in all countries of the world. 

In general, the situation with regard to foreign 
shipbuilding appears to be similar to that in 
this country, the tonnage building abroad having 
declined from 1,816,774 tons (611 vessels) at the 
end of December last to 1,443,624 tons (518 vessels) 
on March 31 of this year; the reduction in tonnage 
thus amounts to over 20 per cent. The tonnage 
figure last mentioned includes 370 steamers, making 
1,258,200 tons; 85 motor ships, making 159,532 
tons, and 63 sailing vessels, making 25,892 tons. 
As in the case of the United Kingdom, the tonnage 
classed as under construction abroad includes a 
considerable amount on which work has been 
suspended for various causes. The work so affected 
amounts to about 325,000 tons, or 22} per cent. of 
the total, so that the tonnage actually building 
abroad amounts to about 1,118,000. According to 
the published statistics, Italy is the country with the 
largest tonnage in hand, the figures for that country 
being 96 ships, with an aggregate tonnage of 311,888. 
Italy, however, is the country mostly affected by 
the suspension of work above referred to, more 
than half the tonnage in the hands of Italian ship- 
builders having been stopped. France comes 
next in order of tonnage in hand, French yards 
now having 60 ships, making 286,255 tons, in 
progress. Holland takes third place in order of 
of magnitude of tonnage in hand, the figure for that 
country being 258,240 tons, comprised in 109 ships. 

The remarkable reduction in American merchant 
shipbuilding has continued during the quarter 
under review, the United States now taking fourth 
place on the list of foreign shipbuilding countries. 
The tonnage at present building in American yards 
amounts to only 136,266 (31 ships), this tonnage 
being but little more than 3 per cent. of that in 
hand at the end of the corresponding quarter of 
1919. The only other country with over 100,000 
tons of merchant shipping in hand is Japan, where 
26 vessels, making 117,312 tons, are being built. 
The British Dominions collectively are building 
38 ships, making 63,502 tons, Canada contributing 
16 vessels, with an aggregate tonnage of 18,489, to 
the total. The Australian tonnage in hand amounts 
to 18,350 (9 ships), while 7 vessels, making 22,110 
tons, are building at Hong Kong. The other 
Dominions account for a total of 4,553 tons, com- 
prised in 6 ships. Between them the Scandinavian 
countries now have 86 vessels, making 166,828 tons, 
under construction, the tonnage being fairly evenly 
distributed between Denmark, Sweden and Norway. 
The figures for these three countries, respectively, 
are :—61,738 tons (26 ships), 55,556 tons (28 ships), 
and 49,534 tons (32 ships). The Swedish tonnage, 
we may add, includes 13 motor ships, making 
42,830 tons, while Denmark is building 7 vessels of 
this type, making 29,808 tons, and Norway 4, 
making 13,620 tons. The only other country 
which need be mentioned individually is Spain, 
where 13 ships, making 54,707 tons, are now In 
hand. 


In view of the present importance of the transport 
of oil in bulk, we may add that the tanker tonnage 
building abroad amounts to 198,736, comprised in 
31 vessels, including only those of 1,000 gross tons 
and over. With the vessels of this class building in 
the United Kingdom, figures for which have already 
been given, there is thus a total of 95 tankers, 
making 615,390 tons, now in course of construction. 
Of these, the United States is building 7, making _ 
67,976 tons together, and this tonnage, it will be 
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noticed, is very nearly one-half of the total tonnage 
now building in American yards. Italy is also 
building 7 tankers, with a total tonnage of 41,800, 
and France has 6 vessels of this class in hand, 
making 40,460 tons. The figures for Japan include 
3 tankers of 18,400 tons together, and those for the 
British Dominions 2 tankers, making 11,600 tons. 
With regard to motor ships now under construc- 
tion, figures for which have already been given 
for the United Kingdom and the Scandinavian 
countries, we may add that 24 motor ships, with an 
aggregate tonnage of 23,308, are being built in 
Italy; 6, making 19,945 tons, are in hand in the 
United States, and 14, making 13,550 tons, are 
under construction in Holland. The motor ships 
now building in the whole world number 114, and 
have a total tonnage of 293,523, the latter figure 
amounting to 8 per cent. of all the shipbuilding 
work at present in hand. The corresponding pro- 
portion of the tanker tonnage is nearly 17 per cent. 





NOTES. 
THe RELATION OF THE CrviL ENGINEER TO 
TRANSPORT PROBLEMS. 

Tue relation of the civil engineer to transport 
problems formed the subject of a paper read by 
Sir Alexander Gibb, G.B.E., before the Institute 
of Transport on Monday last. In this, Sir Alexander 
commented upon the qualifications required by an 
engineer capable of dealing with transport problems 
on broad lines. He pointed out, for instance, that 
with the general cessation of construction in this 
country, the work of railway engineers had naturally 
turned to the development of terminals, and so on, 
and the broader principles, such as the great railway 
builders of the past had to deal with, hardly ever 
came within their field, with the result that the 
traffic officer and others came more before the 
public. There was a good deal to be done, however, 
in connection with electrification, standardisation 
and so on, which would restore the influence of 
the civil engineer on questions of policy, and it 
therefore was of great consequence that the educa- 
tion and training of the rising generation should 
be on comprehensive lines. Apart from difficulties 
arising from war service there were others con- 
fronting the young engineer for a part of whose 
training an apprenticeship was essential. It was, 
for instance, notoriously difficult for an apprentice 
articled to a civil engineer to obtain information 
on prices and commercial matters, knowledge and 
experience of which were essential to the treatment 
of modern problems. Sir Alexander did not, as far 
as we can gather, offer much in the way of a solution 
to these difficulties. He suggested that there 
might be some advantage in allowing the civil 
engineer to engage in actual construction, and 
incidentally brought out the rather oft-repeated 
point that by paying as now on a percentage basis 
the civil engineer usually deprives himself of money 
if he saves it for his client. 


Tue Ovunarp §.S. “ Samarra.” 


The latest addition to the already imposing 
fleet of the Cunard Company is the Samaria, which 
has been built at the Birkenhead Yard of Messrs. 
Cammell Laird and Co., Limited, and satisfactorily 
completed her trials on Saturday last. The Samaria, 
which is a sister ship to the Scythia, and will be 
used on the Liverpool-New York service of the 
Cunard Line, is the largest vessel so far constructed 
on the Mersey, having an overall length of 623 ft. 
9 in., a beam of 74 ft., and a moulded depth to shelter 
deck of 45 ft. She displaces 27,000 tons on a 
draught of 30 ft., and has a gross tonnage of 20,000. 
The propelling machinery comprises two sets of 
turbines developing 13,500 s.h.p. and driving twin 
screws through double-reduction gearing. The 
turbines, which are of the Brown-Ourtis type, were 
constructed by the shipbuilders as also was the 
gearing. Steam is supplied by three double-ended 
and three single-ended marine-type boilers working 
at 220 Ib. per square inch. The boilers are fitted 
with Schmidt smoke-tube superheaters and are 
arranged for firing with oil fuel on the Wallsend- 
Howden system. The service speed of the vessel is 
16 knots. Although the modern essentials of 
economical and efficient operation have been borne 


of comfort and elegance of the passenger accommo- 
dation and public rooms reached in other Cunarders 
is well maintained inthe Samaria. The total number 
of passengers carried is 2,180, of which 336 are first- 
class, 340 second-class, and the remaining 1,504 
third-class. Ample promenading space, both open 
and covered, is provided for all classes, and as 
special features of this kind mention may be made 
of the garden lounges for the first-class passengers, 
and of a verandah café for the second-class passen- 
gers. The first-class public rooms have all been 
arranged with entrances leading from the main 
staircase, which forms a handsome central hall ; 
an oval lounge, decorated in Chinese style, is a 
particularly attractive feature of this part of the 
ship. The vessel has taken considerably longer to 
construct than was originally anticipated; work 
on her was, in fact, entirely suspended for a con- 
siderable period. It is interesting to note, however, 
that, on resumption, the work of completion was 
carried out within the specified time, and at a lower 
cost than was estimated. The maiden voyage 
of the Samaria will commence on Wednesday next 
from Liverpool to Boston, via Queenstown, and on 
the completion of that voyage the vessel will be 
put on the company’s Liverpool-New York service 
as stated above. 


ARBITRATION Law. 


The House of Lords gave an interesting judgment 
last week on a question of arbitration law in a case, 
the Atlantic Shipping and Trading Company, 
Limited, versus Louis Dreyfus and Co. The action 
was between the owners and the charterers of a 
steamship. The steamship had been chartered to 
carry a cargo of linseed from Rosario to Hull. The 
charterers alleged that the cargo had been damaged 
on the voyage, and they brought an action against 
the owners for damages. There was an arbitration 
clause in the charter-party in the following terms : 
“ All disputes from time to time arising out of this 
contract shall, unless the parties agree forthwith 
on a single arbitrator, be referred to the final 
arbitrament of two arbitrators carrying on business 
in London who shall be members of the Baltic and 
engaged in the shipping and/or grain trades, one to 
be appointed by each of the parties, with power to 
such arbitrators to appoint an umpire. Any claim 
must be made in writing and claimants’ arbitrator 
appointed within three months of the final discharge, 
and, where this provision is not complied with, the 
claim shall be deemed to be waived and absolutely 
barred.”” The ship arrived at Hull with the cargo 
early in September, 1919. Notice of the claim for 
damages was given shortly afterwards, and the 
action for damages was raised in May, 1920. The 
shipowners pleaded that, as the charterers had 
failed to appoint their arbitrator within three 
months of the final discharge of the ship, they must 
be deemed to have waived their claim, and that no 
action could now be brought in respect of it. The 
House of Lords had to decide whether the provisions 
of the arbitration clause were valid, because the 
Court of Appeal had held that it was invalid as being 
contrary to public policy. The House of Lords 
held that the arbitration clause was valid. Lord 
Dunedin pointed out that under the old law an 
agreement to refer disputes arising under a contract 
to arbitration was often asserted to be bad, because 
its object was to. oust the jurisdiction of the courts, 
but that contention had been disposed of many 
years ago. The jurisdiction of the court was often 
successfully invoked to enforce arbitration awards, 
and there was nothing wrong in persons agreeing 
that the disputes should be decided by arbitration. 
The ground on which the clause was attacked, 
however, was that if the arbitration were not started 
within three months of the discharge of the cargo 
the claim was to be held to have been waived, and 
the charterers would have no remedy. Lord 
Dunedin said that it was admitted that it was 
perfectly legal to stipulate that a claim should not 
be good unless made within a certain time. It was 
done, for example, every day in insurance policies ; 
and he asked why it should be bad because it was 
tacked on to a provision for arbitration instead of 


to a stipulation that the parties should settle their 
differences by arbitration and not by an action at 





in mind in the design of the vessel, the high standard 


law, and that if the differences were not stated, 


to an action at law. The clause amounted merely | i 





and the arbitration started within a certain time, 
the charterers’ claim should be held to be waived. 
There was nothing contrary to public policy in that 
and the clause was therefore valid. 


ANALYSES OF PETROLEUM Ors. 


An interesting paper by Mr. Harold Moore was 
read on the 7th inst., at a meeting of the Diesel 
Engine Users’ Association, dealing with “Some 
Characteristics of Petroleum Oils used on Diesel 
Engines.” In this, the author deals in detail with 
the investigations he has carried out over many 
years in the matter of fuel oils with a view to their 
use both in internal-combustion engines and in 
furnace firing installations. The characteristic 
features of the oils are reviewed in detail and particu- 
lars of numerous tests and analyses are given, 
all of which will prove greatly useful to a number 
of industries. In the present short review of the 
paper we may limit ourselves to recording briefly 
the author’s determinations for coke, soft asphaltum 
and hard asphaltum in the oils. The coke value is 
obtained by distilling down a measured quantity 
of the oil, heating till carbonised, and weighing the 
residue of coke remaining in the crucible; the best 
method is that of Conradson, used in the United 
States. The soft asphaltum is that portion of the 
oil which is insoluble in a mixture of alcohol and 
ether, and details of this test are given in Holde’s 
book on mineral oils. The hard asphaltum is the 
portion of the oil which is insoluble in light petro- 
leum spirit. All these three tests are to some degree 
a measure of the liability of the oil to carbonise 
or form coke deposits in the engines, and are a 
measure of what is probably the most serious 
difficulty encountered in heavy oil-engine fuels. 
There is no direct relationship between any of the 
tests. The coke value is usually lower than the 
soft asphaltum value, but not always so, Oils 
containing no asphaltum may give a small coke 
residue. The author adds that the so-called hydro- 
carbon oils contain a very large proportion of sulphur 
and oxygen compounds, which are of a colloidal 
nature and are largely responsible for the viscosity. 
These bodies possess varying properties, some being 
soluble in an alcohol-ether mixture, whilst some 
small quantities are insoluble. Others are in- 
soluble in, petroleum spirit, whilst still smaller 
quantities are insoluble in more vigorous solvents 
such as carbon disulphide, pyridine, &c. By the 
so-called soft asphaltum test a large proportion of 
these asphaltic bodies are precipitated and weighed. 
The result is that not only soft asphaltum, but 
all the less soluble asphaltic bodies are registered 
in the test, so that this is best referred to as “‘ total 
asphaltum test.” By the hard asphaltum test 
a certain portion of the asphaltum which is pre- 
cipitated by the alcohol-ether method remains in 
solution, resulting generally in a smaller amount of 
bituminous substances being precipitated; these 
bituminous substances are of a harder composition, 
hence the term hard asphaltum. By deducting the 
amount of hard asphaltum from the total asphaltum 
as given by the former test, the proportion of purely 
soft asphaltum may be deduced. The author 
reviews a number of oils and of analyses made of 
them, and states that it is really the hard asphaltum 
which causes the trouble in internal-combustion 
engines, or it is some constituent of the hard 
asphaltum, but certainly not the soft substance, the 
value for which is obtained by the deduction of the 
hard asphaltum from the total usphaltum. 


Société pss Incuntzurs Crvits pr FRANoE.— 
BririsH SECTION. 

The opening meeting of the session 1922-23 of 
this section took place last Tuesday, the 11th inst., 
in the hall of the Institution of Mechanical Engineers, 
when Mr. W. Noble Twelvetrees delivered his 
presidential address, which opened a discussion on 
“Co-operation between Engineering Institutions in 
France and Great Britain.” After a few words 
on the foundation, development and work of the 
French parent society, Mr. Noble Twelvetrees 
stated that one of the main objects of the British 
Section was to enco i 
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who had expressed their sympathy with its aims by 
joining in 1919 and succeeding years: Mr. C. H. 
Wordingham, Mr. Roger T. Smith, both past- 
presidents of the Institution of Electrical Engineers ; 
Sir Robert A. Hadfield, Bart. ; Sir Alexander Gibb, 
Ministry of Transport : Mr. L. E. Legros, past-presi- 
dent of the Institution of Automobile Engineers ; 
Mr. E. Fiander Etchells, president of the Concrete 
Institute, and Dr. H. 8. Hele-Shaw, president of the 
Institution of Mechanical Engineers. The suggestion 
made by Mr. C. H. Wordingham at the first meeting 
of the Section to the effect that French engineers 
should be invited to offer themselves for member- 
ship of British institutions was one that the Section 
would gladly attempt if the idea were approved by 
the institutions concerned. It was obvious, added 
the speaker, that every proposal would have to be 
considered on its merits; that would present no 
difficulty, but there was one obstacle which had in 
the past prevented many young French engineers 
from joining British institutions. This was to be 
found in the fact that the qualifications for associate- 
membership usually included the passing of examina- 
tions, or the possession of an approved diploma with 
certificate exempting candidates from examination. 
In view of these requirements, Mr. Noble Twelve- 
trees further stated, it seemed desirable that the 
equivalence of French and British engineering 
diplomas and certificates should be determined, 
with the object of preparing a list of French quali- 
fications which would be accepted by British 
engineering institutions, in every case with due 
regard to special requirements, as exempting candi- 
dates wholly, or in part, from the examinations 
prescribed. In this matter, the Section would be 
happy to render any aid in their power. Arrange- 
ments had been made with engineering firms 
in Lorraine to accept a few British engineering 
students for periods of three months during the 
summer, so that some experience might be gained 
of French engineering practice. Following notes 
upon the working of the principal institutions 
in Europe and in America, Mr. Noble Twelvetrees 
said the French Society were particularly happy 
that this year they would have the privilege of 
welcoming the Institution of Mechanical Engineers 
on the occasion of their summer visit and the 
celebration of the 75th anniversary of the In- 
stitution. Such interchanges of visits and cour- 
tesies might, he thought, be usefully supplemented 
by mutually arranged privileges and increased 
facilities for professional and social intercourse. 
This being reached, a Franco-British commit- 
tee might be formed, whose special business it 
would be to consider all possible means of bring- 
ing into closer touch the engineers of the two 
nations. In the course of the discussion, in which 
Mr. Wordingham, Captain Sankey, Mr. Legros, 
Mr. Patchell, Mr. E. F. Etchells and Mr. H. K. 
Scott took part, the desirability of the British 
Institutions combining together and also with the 
corresponding bodies of other nations, except one, 
was emphasised. Due stress was laid on the lead 
which the French engineers had always taken in a 
large number of engineering specialties. It was 
also stated that probably the main difficulty which 
prevented the engineers of both countries from 
coming closer together had reference to politics, 
and fear was expressed that until the two countries 
learned to understand the differences which arise 
between them in that field of thought the more 
active combination wished for might be delayed. 





INSTITUTION OF NavVAL ARrcuiITects: Erratum.— 
By a printer's error in our report of, Mr. Luke’s observa- 
tions on Mr. Kent’s paper, pag: 430 of our last issue, 
second column, line 7 from bottom, the speaker was 
made to refer to the “‘ remarkably low forms of American 
warships.” This should read “ remarkable bow ” forms. 





New Dry Docks at Swansea.—We are informed 
that the Palmer Shipbuildi and Iron Company, 
Jarrow and Hebburn, have "decided to extend their 
business by the construction of a dry dock at Swansea, 
in connection with ship-repairing and engineering works 
they propose fruiting down at that port. The tender 
submit by Messrs. Sir John Jackson, Limited, for the 
building of the dry dock has been accepted. This is to 
be the first of two parallel docks which will be entered 
from the King’s Dock. The first dock is to have an 
entrance of 75 ft. clear width, and a le of 560 ft. 
The depth of water on the sill of this dock is to be 26 ft. 
at high water ordinary spring tides. 








ENGINEERING. 


THE BUILDING TRADES EXHIBITION 
AT OLYMPIA. 


Tue exhibition which opened at Olympia on the 
llth inst. is the third devoted to building and 
building materials which has been held in the same 
place since the termination of the war. Normally, 
these exhibitions have been held every two years 
and the arrangement is to be reverted to in the 
future. The extra activity which has been dis- 
played since 1919 may naturally be attributed to 
the exceptional building activity which was expected 
to follow the war, but we gathered from the speech 
of Mr. A. J. Forsdike, late President of the National 
Federation of Building Trades’ Employers, that 
that exceptional activity had to a large extent 
failed to make its appearance. We were pleased 
that Mr. Forsdike did not make any complaint 
about the withdrawal of State assistance from 
building, and stated that its hope must lie in a 
reduction of prices to an economic level, in which 
reduction the architect, the builder, the manu- 
facturer and labour in its various forms must each 
take a hand. 

The exhibition was opened by Mr. Paul Water- 
house, the President of the Royal Institute of 
British Architects, and in the course of his speech 
Mr. Waterhouse pointed out the value of displays 
of the kind in bringing the latest developments in 
materials and manufacturing methods to the notice 
of architects. There is no doubt much in this 
idea, but in these days when so large a proportion 
of the population are perforce house owners the 
exhibition may well be expected to appeal to a 
wider circle than that represented by professional 
architects. The exhibition is certainly not deli- 
berately designed to appeal to the small man who 
wants a new kitchen range, but none the less there 
is much to interest and educate those of his class in 
fittings, decorations and building methods suited 
for small scale work. It is probable that in some 
directions certain new materials and methods are 
insufficiently known to the general public, and while 
exhibitions of this kind are a help it would probably 
be profitable if, as pointed out by Mr. H. J. C. 
Johnston, President of the Institute of Clayworkers, 
some unified publicity methods were adopted on 
the lines of those which have done so much for the 
cement trade. 

As the exhibition was opened only on Tuesday 
last, and as the incidence of Good Friday advances 
our publishing day this week, it has not been pos- 
sible as yet to examine the exhibition in any great 
detail. A proper appreciation of all it contains 
was further hampered by the fact that on the 
opening morning we found it in a state of incom- 
pleteness, which has been unusual with building 
exhibitions. The work going on was certainly 
mainly one of a finishing nature, but it made in- 
spection somewhat more difficult. It was, however, 
possible to see that the exhibition covers its ground 
well and contains much to interest and much to 
attract. From its nature a building exhibition 
naturally contains much material which lends 
itself to the erection of attractive stands and the 
arrangement of attractive display. Most of such 
materials naturally lies outside our technical sphere, 
and the various very pleasing displays of wood 
work, marbles, enamels, &c., we cannot attempt to 
specify by name. 

Of the pure building exhibits which may be said 
to be directly within our sphere, the most obvious 
are those concerned with concrete construction, 
either by means of blocks or some form of mass 
construction. The various concrete block machines 
are by now fairly well known, and many of them have 
been described and illustrated in our columns in 
the past. Among the stands at the present show 
concerned with machines of this kind we may 
mention that of Messrs. Winget, Limited, of Winget 
House, Grosvenor-gardens, 8.W.1. This firm, as 
usual, make a very fine display. Another firm 
whose block machines we have dealt with in con- 
nection with earlier exhibitions is Messrs. R. H. 
Kirk and Co., of Collingwood House, St. Peter’s, 
Neweastle-on-Tyne. Messrs. Kirks’ is a universal 
machine which by the use of wood formes can 
turn out blocks of various sizes, coping, lintels, &c. 
The firm also shows their mechanical tamper 
which we described and illustrated in our issue of 
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April 22 last year. Other well-known block 
machines are those exhibited by the Australia 
Concrete Machinery and Engineering Company, 
Limited, of Salisbury House, London-wall, E.C. 2, 
and Messrs. Vickers, Limited, of Vickers’ House, 
Broadway, 8.W.1. The Australia Company show 
both block and slab machines, while Messrs. Vickers 
display machines both for blocks, tiles and parti- 
tions. 

Of materials used in various ways in connection 
with mass concrete construction, it is interesting 
to note the very large number of firms now putting 
forward some form of metal reinforcement. Among 
these one of the best known is certainly the Ex- 
panded Metal Company, of York-mansions, Petty 
France, 8.W.1. This firm has been making their 
original form of expanded metal for some 30 years. 
They have in recent years brought out a diamond 
mesh pattern which can be supplied in very long 
lengths and which is specially suitable for road 
reinforcement, foundations, &c. Another firm 
dealing with somewhat the same kind of material 
and making an interesting exhibit, is the Self- 
Sentering Expanded Metal Works, Limited, of 
110, Cannon-street, E.C.4. One of this firm’s 
specialities is an expanded metal herring-bone 
lath for reinforcing plaster. Lattice stee! wire 
reinforcement is shown by Johnson’s Reinforced 
Concrete Engineering Company, Limited, of Lever- 
street, Manchester. This firm makes a special 
wire reinforcement for brickwork under the name of 
** Bricktor.” Another form of wire reinforce- 
ment is shown by the Barb Engineering Company, 
of 5, Victoria-street, S.W.1. Other exhibits fall- 
ing within this class we must reserve for mention 
another week, and can now only deal with the dis- 
play of one other firm. This is the Ironite Com- 
pany, Limited, of 9 and 11, Old Queen-street, 
S.W. 1, who show examples of their well-known 
“Tronite”’ brand cement, “Ironite” waterproofing 
material, &c. The managers of the Ironite Com- 
pany are Messrs. Thornley, Mott and Vines, Limited, 
of the same address, and on that company’s stand 
are to be seen illustrations of steam and electric 
shovels built by the Marion Steam Shovel Co., of 
Marion, Ohio, U.S.A., for whom Messrs. 8. Thornley, 
Mott and Vines are agents in this country. 

Two examples of the latest models of petrol- 
electric revolving shovels built by the Marion Com- 
pany are illustrated in Figs. 1 to 4 on the opposite 
page. A machine of this kind obviously possesses 
considerable advantages over a steam shovel for 
certain situations. This applies particularly to 
cases in which reasonably clean feed water cannot 
easily be obtained, as, for instance, in many qrarries 
and open mines as well as in out-of-the-way excava- 
tion generally. An electric shovel in its convenience 
and low power costs also has much to commend it 
for use in industrial centres in which electric power 
can usually be purchased cheaply. This applica- 
tion, however, is naturally not one for which a 
petrol-electric equipment would normally be used. 

The special features of the machine with which 
we are now concerned lie in the method of dealing 
with heavy loads and overloads, and in the fitting 
of a separate electric motor for each motion. This 
latter feature, as compared with the driving of all 
motion from a single motor through friction clutches, 
results in a very considerable power saving. The 
overload feature of the machine is obtained by using 
@ generator with a special voltage characteristic. On 
light loads the voltage is approximately 325, but as 
the load increases it falls to about 100. This effect is 
obtained by the use of a differential series winding. 
When the shovel is working light the voltage is 
high, but as the load increases the voltage decreases 
and the motors slow down and finally stall in the 
same manner as a steam engine. When the digging 
motor is stalled there is a maximum current flowing 
through it, causing the shovel to exert its maximum 
pull. A resistance automatically switched into 
the motor circuit holds the current at a pre-deter- 
mined value. The action is entirely automatic, 
and there are no circuit breakers. At no time are 
the motors disconnected from the circuit due to an 
overload. 

This voltage characteristic has the additional 
advantage of cushioning the load on the engine, 
and deereases the power when the shovel is stalled 
as the voltage is low when the current is high, so 
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THE PETROL-ELECTRIC SHOVEL. 


CONSTRUCTED BY THE MARION STEAM SHOVEL COMPANY, MARION, OHIO, U.S.A, 
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that the kilowatt output is considerably reduced. 
The makers state that a petrol-electric shovel with 
all motions driven from a single motor through 
gearing and clutches takes 43 per cent. of the engine 
power to ‘drive all motions idle owing to the 
high) friction losses in the numerous shafts and 
gears. This power is practically all saved in a 
shovel suchfas that illustrated in our figures in 
which all motions are separately driven. It will 
be noted that the machine illustrated in Fig. 1 is 
mounted on caterpillars, while that shown in 
Figs. 2 to 4 is mounted on road wheels. In other 
respects the shovels are similar. Either type of 
mounting is built as required for different services 
or for different clients. In this connection, however, 
it should be pointed out that the arrangement of 
four independent tractor caterpillars, shown in 
Fig. 1, is a new one which the makers have on trial: 
The standard arrangement is with’ one caterpillar 
only on each side. The caterpillars are very 
flexible and enable the shovel to crawl over an 
obstruction, such as a pile, lying on the 

The shovel shown in Figs. 2 to 4 has a 17 ft. 6in. 
jib and a 12 ft. 4in. boom, fitted with a } cubic- 
yard bucket. The height of dump above track 
level is 13 ft. 2 in. and the radius of dump 22 ft. 6 in. 
The radius of the cut at track level is 16 ft. 6 in. 
and at 8 ft. above track level 25 ft. The machine 
can dig 3 ft. 11 in. below track level. The 
petrol-electric generating set is of 25 kw. capa- 
city, the engine being of the four-cylinder, four- 
cycle type rated at 40 h.p. and fitted with water 
pump, radiator, &c. The hoisting motor, which is 
also used for travelling, is of 274 h.p. on the one- 
hour rating. It is series wound by the open type 
and geared to the hoisting drum shaft through an 
intermediate shaft. The drum is bronze bushed 
and runs loosely on a steel shaft. It is grooved, and 
is of sufficient diameter and length to require only 
a single wrap of hoisting cable to raise the bucket 
to its highest position. The drum is connected to 
the shaft through a friction gear which is operated 
by a compressed air cylinder. The cylinder is 
attached to one of the spokes of the main hoisting 
gear wheel, and acts on a friction band through a 
lever and eccentric gear. At the end of the drum 
a friction band brake is fitted. The air cylinder is 
operated from a motor-driven air compressor, 
which forms part of the equipment. For travelling, 
power is transmitted from the hoisting motor 
through a system of gearing which can be seen in 
Figs. 2 to 4. 

The racking motor, by which the boom is moved 
in or out, is of 9 h.p. It is series wound of the 
enclosed type, and operates on the boom rack by a 
gearing which can be seen in Fig. 2. It is carried 
on a bracket fixed to the jib. The general arrange- 
ments of the jib and boom will be followed from this 
figure. As will be seen, the jib is supported by 
two rods which are provided with extra links. 
By bringing one or other of these links into action 
the jib may be supported at different angles varying 
between 37} deg. and 52} deg. Extra extension 
bars are also provided for lowering the boom so 
that the top sheave comes level with the top of the 
gantry frame. The boom is of wood with steel 
plate armouring. The slewing machinery is driven 
by a 10 h.p. open type series motor. It drives the 
spur pinion which meshes with the circular rack 
fixed to the undercarriage through horizontal and 
vertical shafts and suitable gearing which may be 
traced in the figures. The gearing inside the cab 
is provided with guards. 


(To be continued.) 





RADIO-ACTIVITY. 

On the afternoon of Saturday the 8th inst., at the 
Royal Institution, Sir Ernest Rutherford, F.R.S., 
delivered the concluding lecture of his course on the 
above subject.* He said that in the last lecture he 
had discussed the liberation of Helium from Radio- 
active bodies, but owing to lack of time was unable 
to deal with the conclusions we were able to draw 
as to the minimum age of certain old minerals, by 
determining their content of Helium. He would 





* Re in our issues of 


however, he said, leave this matter, and in this last 
lecture give a general resumé of the present 
state of our knowledge of the Band y rays. The 
former, as already stated, were electrons moving 
at a very high speed, whilst the y radiation was an 
extremely penetrating type of X-ray. The energy 
associated with these 8 and y rays was, moreover, 
on an altogether different scale from that character- 
ising the cathode rays and the X-rays produced 
in discharge tubes. The velocity of the 8 rays 
varied. Some of the swiftest had a velocity equal 
to that which would be acquired by an electron 
in falling through 2 million volts or 3 million volts. 
The energy of the a particles was still greater, 
and was what could be acquired by a fall through 
4 million volts, and it must further be borne in 
mind that these a particles carried two charges. 
The y-rays had so much energy that to produce 
corresponding X-rays in a discharge tube, it would 
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volts or 3 million volts between the terminals, 
and even then, we should not get the effects that 
we did from radio-active substances. 

Using the Geiger detector described in the fourth 
lecture (page 387 ante), Sir Ernest showed that by 
establishing a magnetic field across the path of the 
8 particles on their way to the detector, the rays were 
deflected so that very few got into the counter. Using 
as source, a little Radium D and F, he next showed 
that the 8 rays could be scattered or reflected, 
the apparatus being arranged as indicated in Fig. 30. 
Here the source is indicated at A, the detector at B 
and the reflector at C. With the reflector removed 
the string electrometer which was connected up to 
the detector, only gave an occasional indication of 
the passage of electricity from the needle to the 
wall, and this residual effect, the lecturer explained, 
was due to the fact that the molecules of the air 
had also a certain reflecting power, and thus turned 
an occasional 8 particle into the counter. With the 
reflector in position, however, the electrometer 
indicated that many § particles were entering the 
counter. In the first instance, a sheet of aluminium 
was used as reflector, but on replacing this by a sheet 
of lead, the latter proved much the more effective. 
The reflection, the speaker added, was not regular, 
so that the phenomenon was better called the 
scattering of the 8 rays which, he went on, was a 
property closely involved with the absorption 
of the rays. Using as source 6 milligrammes of 
radium, the lecturer showed that the 8 rays could 
travel through several feet of air, but he explained 
that part of the activity shown by the electrometer 
was due to y rays from the radium which striking 
the wall of the detector caused it to emit secondary 
B rays. 

By placing a sheet of aluminium in the path of the 
rays he showed that a certain proportion of the 8 
radiation was able to get through this, and still 
enter the detector. Replacing this aluminium by 
a block of lead, it was shown that 8 particles were 
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still entering the counter. These /articles were, 


however, the lecturer explained, not particles 
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emitted by the radium, but secondary § particles 
emitted by the lead. The y radiation, in fact, 
passed right through the block of lead and caused 
8 particles to be shot out from the far side of the 
block. These secondary § rays came from the 
surface of the lead or from the layers just below 
the surface. Those from the actual surface had 
much the same speed as the primary 8 particles 
from the radium, but this speed was less the deeper 
the layer from which the particle was emitted. 
Quite similar phenomena could be observed with 
ordinary X-rays, which, when absorbed by a body, 
transferred their energy to electrons, which were 
shot out at a considerable speed. The y rays 
were, however, so much more penetrating that the 
effect was correspondingly more obvious. 

As stated, the y rays were very much more 
penetrating even than X-rays produced by a tube 
with 100,000 volts between the terminals. It was 
& matter of interest to determine the actual wave 


Fig. 32. 
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lengths of these y rays, and as a preliminary it would 
be convenient to discuss what values we might 
reasonably anticipate from our knowledge of the 
structure of the atom and of the origin of radiation. 
The atom was believed to consist of a nucleus N, 
Fig. 31, surrounded by rings or shells of electrons. 
These rings were known respectively as the K, L, 
M, and N rings, and were not actually circles. 
If a 8 particle was shot out from the nucleus 
it would occasionally collide with an electron 
on, say, the K ring, and drive it out of the 
system. The peculiarity of the atom was, however, 
that the external system of electrons returned to its 
original state at the earliest opportunity, picking 
up an electron from outside to replace the one 
displaced. The falling in of this electron gave rise 
to an emission of radiation of the nature of light. 
If the electron had been originally shot out of the 
K ring, then this light would have the wave length 
associated with the characteristic K radiation, and 
the same held for the other rings of electrons, L 
radiation being emitted when an electron from 
outside the atom fell into the L ring, and similarly 
for the M and N rings. We should thus anticipate 
that when § particles were being emitted from 
atomic nuclei, we should get, in addition to the 
above “ characteristic,” radiations, others of a 
much more penetrating type than were represented 
by the characteristic radiations of the heavy 
atoms. 

By using suitable absorbing media non-homo- 
geneous y radiations could be sorted out, and the 
different types distinguished. In some investi- 
gations of this kind carried out by the speaker and 
Mr. Richardson the apparatus shown in Fig. 32 
was used. There was a source placed as shown, 
and the radiations emitted after passing through an 
absorber, discharged the electrometer shown at E, 
by ionising the air around it. Using as source 
RaB and RaC and as absorber, sheets of aluminium 
of different thicknesses, the upper curve in Fig. 33 
was obtained. There was in this, it would be seen, 
a little abrupt drop at the commencement of the 
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curve which then became steady. When, however, 
the air in the chamber was replaced by methyl 
iodide which absorbed the softer rays, the lower 
curve was obtained. Here there was a very rapid 
absorption at first, after which the ionisation only 
fell off gradually. It would be noted that the two 
curves were not parallel. It was found that as 
the thickness of the aluminium was increased and 
the radiation became more homogeneous the rate 
of absorption tended more and more to follow 
the geometric law, according to which if a certain 
thickness reduced the strength to half, then three 
times this thickness would reduce it to ($)°. By 
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extending these experiments the absorption co- 
efficients for different y rays were determined. 

In this way it was found that the y radiation from 
Radium B had three principal components, the 
absorption coefficients of which (using aluminium 
as the absorbing agent) were 230 cm.—', 40 cm.—, 
and 0-51 cm.—, respectively. The second of these 
radiations was the characteristic L radiation from 
lead, whilst the M radiation from lead had an 
absorption coefficient of 230cm.—. This was worthy 
of special note since Radium B was an isotope of 
lead, and at the time the above values for RaB were 
obtained, the characteristic radiations from lead 
had not been determined. The smaller the co- 
efficient the greater the penetrating power of the 
y rays. Those from Radium C were extremely 
penetrating, the coefficient being 0-115. Certain 
inferences as to the wave-length of the y rays could 
be drawn from the foregoing considerations, but in 
1912 and 1913 direct measurements of the wave- 
lengths of y rays had been made in the speaker's 
laboratory, using a modification of Professor Bragg’s 
method of determining the wave-lengths of X-rays 
by finding the angles at which they were regularly 
reflected from a crystal of rock salt. With y rays 
a difficulty arose from the fact that these rays 
caused the emission of 8 particles from any sub- 
stance they encountered, and these 8 particles 
had a much greater photographic effect than the 
y tays. To get rid of them the apparatus was 
mounted between the poles of a powerful magnet, 








which deflected the 8 rays out of the way, the 
arrangement being as indicated in Fig. 34. Here A 
represented the source of the y rays, which was an 
emanation tube, whilst B and B were blocks of 
lead. The magnet was represented by M M, whilst C 
represented the crystal of rocksalt and PP the 
photographic plate which moved with C round the 
same pivot. The exposure generally required @ 
day or more, but quite sharp results were obtained, 
as indicated by the spectrum reproduced in Fig. 35. 

Of the two lines shown, one was obtained with the 
crystal tilted to an angle of about 10 deg., the 
corresponding angle for the other line being about 
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12 deg. These two lines were proved to be in 
exactly the same position as two of the lines in the 
spectrum of the “ characteristic” radiation of lead, 
which had not been examined at the time the above 
experiments were made. Radium B was an isotope 
of lead, and should therefore have an identical X-ray 
spectrum, which appeared to be the case, although 
in the case of some of the fainter lines the agreement 
was not. quite so good. They had in this way 
succeeded in measuring the wave-length of some 
of the more penetrating y radiations, including two 
which were regularly reflected at angles of 1 deg. 
37 min. and 1 deg. 43 min., of which the first exactly 
corresponded to the K radiation from lead, and 
ultimately they had succeeded in photographing a 
line produced by rays reflected at an angle of 
42 minutes which corresponded to a wave-length 
of 0-07 Angstrém units. The crystal method of 
determining wave-lengths could not be used to 
measure wave-lengths shorter than this. To 
produce an X-ray which would give a line with 
the crystal inclined at 1 deg. to the path of the rays, 
a voltage of 120,000 would be needed between the 
terminals of the discharge tube and as y rays were 
known which would require 2,000,000 volts or 
3,000,000 volts to produce them in a tube, we were 
able by this crystal method of analysis only to 
reach the border of their spectrum on its lower 
frequency side and beyond this matters got very 
complicated indeed. 

Spectra could also be obtained from 8 rays, those 
with different velocities being sorted out by means 
of a magnetic field. The kind of arrangement used 
was indicated in Fig. 36. Here the source was 


at S and the photographic plate at PP. A strong 
magnetic field was established at right angles to 
the plane of the paper, and in traversing it the 
8 rays were bent round into circles, the diameter 
of which was greater the higher the speed. By 
suitable adjustments all rays of the same speed 
could be concentrated at the same line on the plate. 
Using as source Radium F which gave but few and 
weak y- rays, but fairly swift 8 rays, the spectrum 
obtained was continuous, but with Radium B or 
Radium C we got superimposed on this spectrum a 
line spectrum showing that a large proportion of the 
8 rays emitted could be divided into groups of 
rays travelling with the same speed. The path 
of these groups was indicated by the heavy lines in 
the figure. The speaker had early come to the con- 
clusion that the lines thus obtained on the plate 
really arose from the conversion of y radiation into 
8 radiation as it passed through the outer shells of 
the electrons surrounding the atom. A y ray emitted 
from a point near the centre was able to give up the 
whole of its energy to any 8 particle it encountered. 
The energy of the y ray as of other rays of light was 
given by the formula 


Emhy 


where h was Planck’s quantum and » the frequency. 
This energy was handed over to the 8 particle, 
which was then shot out of the atom. Obviously 
if some energy had to be expended in overcoming 
the resistances to its removal, the final total energy 
of the 8 particle when free would be correspond- 
ingly less than hy, a certain correction factor being 
required. Roughly speaking, however, the lines 
obtained in the 8 spectrum showed that the 
particles that produced them had come out with an 
energy equal to hy. 

In further experiments of this kind the fine 
emanation tube used as source, was jacketted 
with lead or other metals so as to stop or scatter all 
the 8 rays coming out of the tube. The y rays, 
however, were able to pass through this jacket, 
but in the passage some of them transferred their 
energy to electrons they encountered, which were 
shot out accordingly from the lead jacket and 
could be sorted out and turned round to the photo- 
graphic plate as before, thus giving a “ secondary ” 
8 ray spectrum. Some of the electrons producing 
this spectrum came from the outer surface of the lead 
and these had the highest speed. Those coming 
from the layers just below the surface would have 
a lower speed, so that instead of a line we now got on 
the plate a diffuse band with one well-defined edge. 
at which were concentrated the particles which 
came from the very surface of the lead, and 
thus with their full speed. A comparison of the 
position of the edges of these bands with that of the 
lines in the primary spectrum obtained with an 
unjacketted tube, co ed the view that this 
primary spectrum was itself due to the conversion of 
y into 8 radiation in passing from near the centre 
of the atom through the surrounding shells of 
electrons. 

It was not to be supposed however, that each 
atom gave every line found in the spectrum ; 
the complete spectrum represented in short emis- 
sions from many atoms. Representative secon- 
dary 8 ray spectra, obtained as described above, 
are reproduced in Fig. 37. Two edges are clearly 
visible. Comparing the position of these where the 
jacket was lead, with the spectrum obtained with a 
platinum jacket, it would be seen that the bands 
were less displaced in the case of the lighter metal, 
and with the still lighter metal tungsten, the 
displacement was still less. This showed that the 
secondary f particles from the lighter metals 
travelled more swiftly than those shot out of lead 
by the same y rays. With a Uranium jacket (uranium 
being a heavier element than lead), the edges of the 
bands were displaced in the other direction, showing 
that the secondary 8 particles shot out of Uranium 
were slower than those from lead, Hence it would 
be seen that the character of the secondary s 
depended not only on the y radiation which excited 
it, but also on the nature of the metal acted on. 
To explain this Sir Ernest referred to Fig. 38 which 
illustrated diagrammatically the effect of a y ray of 
@ definite frequency v when it caused the emission 
of a 8 particle from the K ring of a platinum atom 





or the K ring of a lead atom. To remove a 8 
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particle from the K ring of platinum required, as was 
known from X-ray experiments, an expenditure 
represented by the fall of an electron through 
78,000 volts, whilst to remove such a particle from 
the K ring of a lead atom required 84,000 volts. 
Hence, representing the energy of the y ray by hy 
(expressed in terms of an electron falling through 
a certain voltage), the energy with which the 
8 particle would emerge from the platinum was 
hy —78,000, whilst from lead it would emerge with 
an energy equal to hy — 89,000 or 11,000 volts less. 

In Sir Ernest’s laboratory, Mr. C. D. Ellis had 
determined from photographs similar to those 
reproduced in Fig. 37 the energy of 8 rays corres- 
ponding to three strong lines in the spectra of 
different elements, with the following results, where 
the energies are expressed in millions of volts. 





_— | Tungsten. | Platinum. | Lead. | Uranium 








Energies corre-) (1) 1-66 1-58 1-49 1-22 
os to three | (2) 2-20 2-12 2-03 1-74 
strong lines in - { (3) 2-76 2°69 2-60 

ray spectra 











The energy required to remove an electron from the 
K ring of these elements as determined by X-ray 
experiments was as follows: Tungsten 0-693, 
Platinum 0-762, Lead 0-891, Uranium 1-178. 


Fig. 39. 
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Origin. Energy ain&v. Ain Av. 
Volts. Calc. Obs. 

5 to4 0°389 x 105 0°318 0° 324 

5 to 3 0°533 0°231 0°229 

4to3 0-144 0° 857 0-853 

2tol 1°107 0°112 0°115 


Adding these to the above we get as the total 
energy expended in causing the emission of the 
8 Rays the following: — 





Energies of y-rays ((1)} 2-35 2-36 | 2-38] 2-40 
responsible for/(2)| 2.89 2-91 | 2-92 | 2-92 
the three lines.. |(3)| 3-46 3-46 | 3-49] 3-49 








It would seem therefore that but three y rays are 
responsible for the three strong lines found in the 
8 spectra of the four elements in question. 

As already stated, the energy of a y ray was equal 
to hv where h was Planck’s quantum and » the 
frequency. It was thus possible to determine the 
wave length of y rays which were of too short a wave 
length for this to be measured by means of reflection 
from a crystal. Mr. Ellis had shown in this way that 
the whole of the 8 radiation from Radium B could 
be expressed in terms of six different y radiations 
ranging in wave length from 0-0308 up to 0-0519 
Angstrém units. Up till now there had been no 
evidence that we could excite characteristic radia- 
tions due to electrons lying inside the K ring of 
atoms, and the y rays appeared accordingly to origi- 
nate in a region far inside of the external shell, 
perhaps in the nucleus itself. If this proved true, 
it was extremely important, as it showed that we 
were getting some information as to the structure 
of this nucleus, and that the radiations were due to 
the falling in of electrons fron different levels in this 
nucleus. 

In the case of radium B, Mr. Ellis recognised 
four such levels as indicated in Fig 39. An 
electron falling in from level 5 to the zero line 
would cause the emission of a y ray with an energy 
equal to 4-025 x 10° units. If it fell in from 4, the 
corresponding energy would be 3-636, whilst from 
level 3 the energy would be 3-492. It would be seen 
from the table on the right of the figure that the six 
y rays of Radium 8 could be divided into pairs, 
the difference of energy for a pair being practically 
constant. Mr. Ellis explained this by supposing 





that instead of falling into the zero level the electron 
in some cases camejto rest at the level 2 so that 
the y ray emitted would have an energy equal to 
4-025 — 1-107 or 2-918 units. If starting from 5 
the electron stopped at level 4, the energy in the 
y ray emitted would be equal to 4-025 — 3-636 = 
0-389 units, and similarly in other cases. A com- 
parison of the wave lengths of y rays emitted from 
Radium B as actually observed, and the wave lengths 
calculated on the above hypothesis was given in the 
table near the bottom of the figure. Some interest- 
ing results should be obtained with X-ray tubes 
operated with a potential difference of one million 
volts. 





THE LATE DR. ANDREW MoWILLIAM. 

We regret to have to record the death which occurred 
at his residence, 221, Upperthorpe, Sheffield, on the 
5th inst., of Dr. Andrew McWilliam, who, for many 
years was associated with Dr. Arnold in the Metal- 
lurgical Department of Sheffield University. 

Dr. McWilliam was born in Glasgow in 1867; he 
received his early education at Allan Glen’s School 
in his native city and then entered the Royal School 
of Mines, London, where he proved himself to be a 
brilliant student. In 1887, he joined the staff of the 
Sheffield Technical School, and later was appointed 
chemist and steel manager to the Martino Steel Com- 
pany. His following appointments were lecturer in 
metallurgy in Staffordshire and manager of the danger 
area of the British Explosives Syndicate. Ultimately, 
Dr. McWilliam returned to Sheffield as lecturer in 
metallurgy at the Sheffield University, being shortly 
afterwards appointed assistant professor in metallurgy 
to Dr. Arnold. The Government of India, in 1911, 
appointed Dr. McWilliam to the post of Metallurgical 
and Analytical Inspector of Steel, a post which he 
filled for a period of six years; during this period he 
was entrusted with the inspection of practically the 
whole of the products manufactured by the Tata 
Iron and Steel Company, not only for the Indian State, 
and the railways of India, but for a number of private 
firms. He was then appointed metallurgist to the 
Tata Iron and Steel Company for one year, when he 
returned to Sheffield and established a practice as 
consulting metallurgist. 

Such is, very briefly, an indication of Dr. McWilliam’s 
career. We may add that he became a member of the 
Iron and Steel Institute in 1896 and read before that 
body a number of interesting papers on steel which he 
contributed alone or in collaboration with other 
members. He was also an original member of the 
Institute of Metals, and contributed to that Institute, 
in 1911, in collaboration with Mr. Barclay, a paper on 
“« The Adhesion of Electro-deposited Silver, in Relation 
to the Nature of the German Silver Basis Metal.” 
Dr. McWilliam displayed also great activity among the 
Sheffield local technical societies. He read a paper on 
“* Electric Steel ” at the meeting of the British Associa- 
tion held in Portsmouth in 1911. In that same year, 
on his departure for India, the University of Sheffield 
conferred upon him the degree of Doctor of Metallurgy ; 
and in 1919 he was made a Commander of the Order of 
the British Empire for the work he carried out in India. 

We had the opportunity of frequently listening to 
Dr. McWilliam at the meetings of the Iron and Steel 
Institute and we were always greatly impressed not only 
by the grasp he had upon many of the intricacies 
which surround the manufacture, treatment and 
utilisation of the comparatively new and unknown 
metal “ Steel,” but also by his unbounded geniality. 
We know that he was the best friend of all his 
students and former students of Sheffield University, 
by all of whom he will be greatly missed. His loss 
will also be greatly felt by all the Institutions of which 
he was a member, He is survived by his wife and a 
son, to whom we extend our deepest sympathy. 





INDUSTRIAL NOTES. 

As announced in our last issue, negotiations were 
opened last Monday between the Engineering 

ployers’ Federation and a committee that is acting 
for the unions which are apart from the Amalgamated 
Engineering Union. The negotiations are still pro- 
ceeding. In the meantime the members of the said 
other unions are continuing in employment so far as 
work is available. 





In the matter of the difficulty in the shipbuilding 
industries, no p is as yet to be reported. Mr. J. 
Hill, president of the Shipbuilding Trade Unions 
Federation, suggested that “in view of the large 
adverse majority in the ballot” (see 420 ante), 
“the question of a wage reduction should be referred 
to arbitration.” This suggestion the employers were 
unable to accept. Following upon a meeting which 
Dr. Macnamara had last week-end with representatives 


of the Shipbuilding Employers’ Federation, both sides 
may meet and endeavour to arrive at a solution. 


In the course of his presidential address to the 
South Wales Institute of Engineers, Mr. David E. 
Roberts said that in times gone by, the workers un- 
doubtedly suffered great hardships and misery, and 
that engendered bitterness and brought about the 
organised system of Trade Unions as they exist to-day ; 
these were now rather a menace to trade by the limita- 
tions they exercised by their general interference. 
The unions, formed originally for self-protection, 
had now ove wn themselves and, dominated as 
they were by the most extreme section of each trade, 
hed Voces tryrannous, not only to the employers, 
but to the better section of the men themselves. 
The Whitley Councils and similar associations were 
doing much to improve the trade union position. 
His (the speaker’s) impression nevertheless was that the 
future might bring about a shri e in the magnitude 
of trade unionism. In the United States, for instance, 
especially among engineers in certain districts, workers 
were leaving their unions and entering into profit- 
sharing schemes with their employers. The most 
cordial relations were necessary between the owners 
and their workmen. A good understanding was the 
best means of bringing about improvement in labour 
restriction and the establishing of a universal arrange- 
ment based upon payment by results, thus enabling 
the good workman properly to benefit, instead of 
having to suffer for his less efficient brother, as at 
present. 





The Danish labour conflicts appear to have got into 
hopeless confusion. Of the mediators’ two proposals, 
one was accepted by the employers, though very 
reluctantly, and was turned down by the men; in 
regard to the second, the reverse was the case. In 
the meantime, the lockout has been very materially 
extended, and the men in many instances, especially 
amongst unskilled labour, have, in their turn, declared 
strikes which were to take effect as from last week. 
The employers complain that it is impossible to bring 
about direct and binding negotiations with the men’s 
leaders, who, apparently, always have to refer possible 
provisional agreements arrived at with the employers 
to general meetings of the different unions; at these 
meetings the advice of the leaders is often ignored. 
At the present time there is, in the matter of wages, 
the difference between a 15 per cent. reduction, which 
the employers declare is necessary, and 10 per cent., 
which the men say they will agree to; but, in addition 
the men hold out for many special arrangements in 
different branches of trades which the employers 
maintain are quite out of the question. During the 
radical government, which depended upon the Socialists 
for support, labour had it all their own way, but since 
the radical government fell about two years ago, 
matters have tended to move on different lines. 





According to Engineering News-Record, New York, 
information has reached the United States announcing 
that, after fourteen years’ experience, the French 
Government is planning to abandon the operation of 
the State Railway System and to turn over the property 
to a private corporation. Government operation of 
this line, our American contemporary learns, has not 
only been bad business for the taxpayers, but also quite 
unsatisfactory from the viewpoint of the railway users. 
It is interesting to observe, the American journal, 
adds, that France, too, has come to the conclusion 
that ‘‘ Government in business” is good neither for 
Government nor for business. We take it that our 
contemporary means the railway system between 
Dieppe, Havre and other important towns in the 
North-West of France and Paris, owned formerly by 
the Western of France Railway Company ; this system 
was nationalised, as it remarks, only a few years ago. 
But the French State has worked for many years past 
a more important system than the former Western of 
France, a system which covers a very large area of 
France between Paris, Nantes and Bordeaux. 


The Right Hon. W. C. Bridgeman, M.P., Secretary 
for Mines, has announced that, at the request of the 
South African Government, he has released the Right 
Hon. William Brace, Chief Labour Adviser in the Mines 
Department, to serve as a member of the Royal Com- 
mission which is being set up to enquire into questions 
arising out of the recent disturbances on the Rand. 
Mr. Brace has sailed for South Africa, and is expected to 
be away for three or four months. 





SuBMaRINE CABLE Company.—We read in The Anglo- 
Ttalian Review that a convention, now confirmed by law, 
was signed last September between the Italian Govern- 
ment and the Com ia Italiana dei Cavi Telegrafici 
Sottomarini, who are to lay and work submarine cables 
between Italy and Greece and between Italy and South 
America, the latter connecting with Spain, the Canary 
or C Verde Islands, Brazil, Uruguay and the Argentine 





Republic. 
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NODAL ARRANGEMENTS OF GEARED 
DRIVES.* 
By Dr. J. H. Smrru, of Belfast. 
(Concluded’from page 440.) 

Synopsis of Results and General Conclusions Relating 
to Critical Speeds.—We will now collect together the 
important points (relating to critical conditions) which 
have been deduced in this investigation. They are :— 

1. The equation A = 0 gives the values of the free 
periodicities of any system vibrating as an elastic system 
with the teeth of the gears bedded tightly together. As 
given in this paper, this equation covers only one mass 
shaft systems with rigid connections between each driver 
and driving wheel in the gear box, but its form is readily 
worked out for more general cases which include two or 
three masses per shaft and elastic connections in the gear 
box. The latter cases, as will be found later, are pur- 
posely ruled out owing to the cumbersome nature of the 
equations involved and the consequent increase in the 
number of possible critical speeds. The equation A = 0 
is an equation of degree equal to the number of one mass 
shafts contained in the system. All the roots of the 
equation are real, and hence when there are n shafts the 
number of possible free periodicities is n. This equation 
gives the values of the critical speeds at which the torques 
and angular accelerations of all the rotating masses and 
gear wheels in the system become great, and at which the 
amplitude of the periodic fluctuating tooth pressures may 
exceed the transmitted torque. It is the equation which 
enables us to determine the critical, chattering or tooth 
separation speeds of any system when these conditions 
arise, either from the effects of small external periodic 
disturbing couples or from the effects of periodic irregu- 
larities of tooth form. It is not the only item to be 
considered when the irregularities of tooth form are of 
the high periodicity type. 

2. If a single periodic disturbing couple of maximum 
amplitude of the same order as the transmitted torque 
acts on any shaft of a “one mass shaft” geared system 
containing n shafts, and there are m tooth connections 
of perfect form in the system, the critical, chattering or 
tooth separating speeds of the system will be given by 
2m equations of the nth degree. The roots of these 
equations are, in general, all real, and hence there will be 
2mn critical, chattering or tooth separation speeds. 
These speeds will not be the same as those given by the 
equation A = 0, and hence the total possible number of 
critical speeds in this case will be 2 mn + n. 

3. If a periodic couple of maximum amplitude of the 
same order as the transmitted torque acts on each of the 
shafts of a system containing m one mass shafts, in which 
there are m tooth connections of perfect form, the critical 
speeds will be given by 2 » m equations each of the nth 
degree, and hence there may be 2 n?m critical speeds. 
These speeds will not be the same as those given by the 
equation A = 0, and hence the total possible number of 
critical speeds may be 2 n2m + n. 

4. All the critical speeds of an n one mass per shaft 
system can be collected into n distinct groups. In each 
of these groups, one root of the equation A = 0 appears, 
and the critical speed corresponding to this root is of the 
kind usually dealt with in engineering work. It corre- 
sponds to a speed at which the fluctuating tooth pressure 
amplitude is very great. As the speed increases through 
such a critical value the amplitude of the fluctuations 
first increases until the critical speed is reached, and then 
diminishes when the speed exceeds the critical. In the 
other criticals of the group the amplitude of the fluctua- 
ting tooth pressure either increases continuously or 
decreases continuously as the critical speed is passed 
through. It would appear, then, that there are n 
critical speed ranges in which it is impossible to secure 
continuous running without taking serious risks. 

5. If there are two or more masses attached to different 
points of any shaft, or if there are elastic shafts in the 
train of gears, the number of possible critical speeds will 
be increased. The number of possible critical speeds in 
complex cases will be given as in 1, 2, and 3 above if 
for n is substituted the total number of elastic connections 
in the system. 

6. Periodic tooth irregularities may be divided into two 
groups: Low periodicity irregularities which fall within 
the range of the roots of the equation A = 0, and high 
periodicity irregularities which fall altogether above the 
highest root of that equation. The study of the effects 
of the first group falls in section 1 above, the second 
group can only be dealt with by increasing the elasticities 
of the shafts and the moments of inertia of the rotating 
masses, and by reducing the moments of inertia of the 
gear wheel to the least possible amount. 

It would appear that the only considerations of im- 
portance in the design of a satisfactory geared drive are 
the clashes which may occur between the family of 
periodic disturbances, the periodic tooth irregularities, 
and the family of possible critical speeds or critical speed 
ranges of the system. The peculiar nature of the work 
and the very meagre amount of reliable data which can 
be employed in calculations makes it absolutely impossi- 
ble for anyone to manipulate the large number of critical 
speeds met with in even the simplest drives designed in the 
present haphazard fashion. When such experiences are 
met with, and when the dynamics of a system cannot be 
thoroughly thrashed out, there is only one direction in 
which we can proceed with any hope of success. We 
must introduce systems or change our existing systems 
in such a way that we may apply the laws of dynamics 
with a reasonable chance of obtaining results which 
approximate to the truth. It is the story of the moun- 
tain and Mahomet in a modern form. In short, we must 
work in the direction of evolving the simplest possible 
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form of transmission system having ample elasticity 
and the fewest number of degrees of freedom, and must 
adjust our disturbing elements so that they are of the 
simplest possible family. 

he Simplification of Geared Drives.—In order to sim- 
plify a proposed elastic shaft geared drive, with the 
object of securing an arr ment which shall have the 
least number of possible critical speeds, and therefore the 
least chance of coincidence of any of these with any im- 
pressed periodic actions arising either from the action of 
unknown internal irregularity or known and unknown 
external periodic disturbances, a certain amount of 
ingenuity is required. No common line of procedure 
can be chosen which will be suitable for the most general 
arrangement. When designing a drive we may have to 
study the peculiarities of the known disturbing elements, 
and in some cases it may be necessary to split these 
elements into their component parts. In all such cases 
the component parts will consist of a fundamental and a 
series of harmonics having periodicities simple multiples 
of the periodicities of the main feature of the disturbance, 
Such considerations will lead to the formation of a family 
of periodicities. An arrangement of the drive will then 
have to be made of such a nature that the possible critical 
speeds are so placed that synchronism does not occur 
between any one of them and any member of the family 
of the impressed periodicities. It will be seen that this 
is practically impossible unless we can simplify our sys- 
tem and thus simplify the cumbersome equations involved. 
General considerations on a question such as this are, of 
course, always difficult to deal with, but after carefully 
considering the possible variations of the numerous ele- 
ments with which we are concerned in elastic shaft 
geared drives, the writer is led to the opinion that the 
required reductions are best secured by :—(1) Simplifying 
the system. (2) Tuning the system. (3) Making the 
elasticities and masses of certain shafts dynamically 
similar. (4) Adjusting the phases of the disturbances. 
(5) Attempting the elimination of high periodicity dis- 
turbance by Jowtutien the pitch of the possible free 
vibrations of the system. (6) Arranging the periodicities 
of the disturbance in a definite and simple family. 
(7) Reducing the moments of inertia of the Sensis of the 
attendant train to the least possible value. There may 
be other items worth considering, but so far the writer 
has not discovered them. We shall now devote a few 
lines to each of the items mentioned above, choosing for 
the purposes of illustration what appear to be the most 
interesting examples. 

Simplification of Systems.—The difference in behaviour 
of single reduction and double reduction systems would 
appear to be partly explained as arising from the simple 
nature of the former. In a single reduction arrangement 
there are only one-half the number of tooth connections, 
and hence, roughly speaking, only one-half the number 
of possible critical speeds and smaller critical speed 
ranges than in the corresponding double reduction 
arrangement. With the present haphazard method of 
designing then, the single reduction arrangement has a 
far better chance of success than the corresponding 
double reduction type. It should not be necessary to 
dwell on this aspect of the question, the mathematics 
given above should make it quite clear, for example, that 
any arrangement which has two or more masses attached 
at different points to any shaft must either be cut out, or 
precautions must be taken to bind the masses together 
so that they behave practically as one solid mass. The 
suggested use of a flywheel on the propeller shaft is 
without doubt a mistake ; it would increase the degrees 
of freedom of the system and hence the number of possible 
critical speeds. Any change in the moments of inertia 
of the propeller or of the shaft dimensions would not 
increase the number of possible critical speeds, and is 
therefore not objectionable. It may be observed also 
that we must cut out all elastic shafts in the gear box ; 
that is, we must bind the driver and driving wheels 
mounted on any shaft as rigidly together as possible. In 
short, our systems must be reduced to one mass shaft 
systems, and if this is done we have simplified the system 
in a general way as far as it is possible. 

Tuning of Systems.—The following will indicate the 
character of the advantages which may be secured by 
tuning a system. The condition under which the value 
of the accelerations of the gear wheels become great, 
when the system consists of n one mass shafts, is expressed 


by A = 0, or when written out fully by :— 
I I I 
Ibpte+ 2+... 2=0 
7" & "Ss bn 


The equation is of the nth degree in p?. It can be reduced 
to the simple equation in p? if the shafts and masses 
are so designed that 6; = d2 = 43, &c., that is, if the 
system is ‘‘ completely tuned ’’ or so contrived that the 
free periodicities of all the shafts when considered as 
fixed at their gear box extremities are made the same. 
An arrangement of a geared drive in which all the shafts 
or some of the shafts are thus tuned is conveniently 
called a nodal drive or a nodal arrangement. The reason 
for choosing this name will be evident. With complete 
tuning as dealt with above the n critical speeds of the 
gear wheels are reduced to one critical speed. The critical 
conditions arising from the effect of a small disturbing 
couple are expressed in the form :— 


6, A=0 
or 
’ 1 T I 
6 Io ¢ t+ 2+... 2)=—0 
1 8 (To ae x) 


When the system is completely tuned this’ equation 
becomes :— 


6 (Ip 5 +1, + Io 4 
or when written out fully :— 


(1 ~ Fe) (#1 - ofr) 


...1j=0 


== 0 


where = I is the total moment of inertia of all the revolv- 
ing masses in the system, Ip is the total moment of 
inertia of all the masses in the gear box, and f is the free 
periodicity of any shaft with its attached mass about 
its gear box extremity. 

t follows that in such an example there are two critical 
speeds where there were originally n, for the rotations 
of the shafts to search ; one of these, f, may conveniently 
be called the fundamental of the system, and the other h, 
where 

=I 


0 
may conveniently be called the harmonic. 

Instead of tuning in the manner indicated above, we 
might tune a number of the shafts to a common perio- 
dicity and the remaining shafts to another periodicity. 
An inspection of equation (7) will show that the equation 
4 = 0 will again reduce to a quadratic equation, and 
that there will therefore be a reduction from critical 
speeds to two. 

If we examine the equations relating to speeds at 
which parting of teeth occur, namely : 


he == f2 


5; do 63... Gn A + ay B; Bp Bg... Gn A =O 
and 
6; 6g 63... On A + ty bo 3... Bue. . 2A =O 
and introduce the conditions 
j= 2 = os = = 6, 


we note that they become 
Io 82 + (I, + Ig +1Ip¢+..- De ta tNétah=0 
and 

To 82 + (Ih + Ig +13 +... In Hh (Io — 2 H)]8 

+ (Ie +15 +... 1) = 

respectively. It follows therefore that all the equations 
which give the values of the critical speeds arising from 
the effects of periodic couples, which are not small, 
acting on the various masses of the system reduce from 
equations of the nth de to quadratic equations. 
It is easily seen in certain cases when the shafts are 
divided into two groups, and all the shafts in each group 
are tuned to the same periodicity that a similar reduction 
in the number of critical speeds is attained. Such 
examples are best treated in some of the special cases 
which follow. In a tuned system, then, we may say 
that very great reductions have been made in the possible 
number of critical speeds. The following table will 
give some idea of the changes which can made by 
tuning alone in a complex system, consisting of n shaft 
and m toothed connections. 


Critical Speed of Tuned and Untuned System. 
No. possible No. possible 


Critical Conditions. in untuned in tuned 
System. System. 
Acceleration of gear wheels... n 1 
Free vibrations ... oes ose n 2 
One couple acting on one shaft 2m +n 4m +2 
One couple acting on each shaft2n2m-+-n 4nm +2 


The critical speed ranges are reduced from n to 2 in al 
cases. 


Simplification Secured by the Adoption of Dynamical 
Similarity.—It is often possible to make a group of 
shafts, together with their attached masses and trans- 
mitted torques, dynamically similar, and in such cases 
the behaviour of all the shafts in the group become 
identical and can be treated as one individual shaft. 
In this way the number of tooth connections are reduced 
from the number appearing in the group of shafts to 
the number appearing in one shaft, and hence the 
critical ranges will be the same for all members of the 
group. The simplest conditions to be satisfied in such 
a reduction are first that the shafts of the group are 
tuned to the same free periodicity, second, that the masses 
mounted on the shafts are identical, and third, that the 
torques transmitted by the shafts are the same, The 
simplification dealt with here will be of importance 
when the external disturbing periodic couples can be 
reduced to one couple acting on one shaft. If we 
consider the equation for the determination of the 
critical speeds in such a case for shaft 1 and its attendants 
when P; acts alone, namely :— 


5; 62 63... 8, A & ay By 5p Bg... Fi A =O 
which when all shafts not subjected to disturbances 
are tuned becomes :-— 

6, A +a,;A=0 
we see that the simplification of the system here dealt 
with can be obtained by making the last term or j4 
the same for all the tuned shafts of the system, that 
is by making 


= &c., and qi - ri = Ip &e. 
CQ GQ G&G by by 
or, the torques transmitted by those shafts must be the 
same, and the masses must be so adjusted that 


- &e.3 


—-Zh=...- 


l= hk=kb=&.;j =i2=- y=. 
#11 = to = 4g =... Ke, 

It may here be noted that dynamically similar shafts 
do not help in simplification unless the-system is tuned. 
Adjustment of Phase of Disturbances.—In certain cases 
the phase of the disturbing periodic couples will be known 
with a fair degree of accuracy, and hence by an adjust- 
ment of various shafts it will be possible to arrange that 
these couples cancel each other when taken in pairs. 
In such arrangements the shafts considered will have 
to be tuned to the same periodicity and assembled in 
an appropriate manner. As an example of this, we 





might mention that the simplest nodal arrangement which 
could be devised, if the elimination of the fluctuating 
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torque arising from propeller blade \disturbance is the 
important consideration, would consist of twin pro- 
peller shafts connected to one gear box and suitably 
assembled. 

Lowering of the Pitch of Possible Free Periods,_The 
writer suspects that in many cases angular oscillations 
have been occurring in turbine rotors, and have been so 
pronounced as to give rise to appreciable fluctuating 
couples. If such periodic torques are possible it would 
appear that they can only be high periodicity effects, 
and can only be avoided by tuning down the possible 
free vibrations of the system to the lowest pitch. 

Arranging the Periodicity of Disturbing Torques.—In 
seeking simplification one is naturally tempted to con- 
sider not only the method of reducing the number of 
critical speeds but all other aspects of the question. 
The periodic disturbing couples, large or small, do not 
appear to offer anything promising in this direction at 
first, but a little consideration will show that a simpli- 
fication is possible here. At the present time there 
appears to be no attempt made in this direction. How 
the speed ratios of the various elements of a geared drive 
are chosen one would have difficulty in finding out. 
As a matter of fact such a question, in the writer’s 
opinion, is treated in the same way as many others in 
this branch of engineering. If we consider the simple 
case of a three-shaft drive, and for simplicity assume that 
the chief disturbance raises from propeller blade action, 
it will be seen that the possible periodicities are b N 
265N,36N, &c., where b is the number of blades in the 
propeller and N is the revolutions per minute. These 
periodicities will be effective, and it is therefore absurd 
to add further periodicities to this long series. In order, 
then, to reduce the disturbances to the smallest and 
simplest possible family, the speeds of rotation of all 
other elements of the system should be arranged so that 
they are members of this family and not strangers. 
That is, the speeds of the primaries and the turbines 
should belong to this family. 

Reducing the Moments of Inertia of the Wheels of the 
Attendant Trains.—The equations relating to critical 
speeds, arising from the effects of periodic disturbances 
of finite magnitude, for any shaft and its attendant train 
are of the forms :— 


6; 52 63. . . Oy A + ay By 8p 5g. . 2 5, A =O 











and P;. It may be noted that the values of R; and R2 
depend on three families of simple periodic functions ; 
and that the corresponding coefficients in the expressions 
for R; and Re bear no simple relation to each other for 
any haphazard arrangement. It follows, therefore 
that the phenomena of beats of a complex kind will be 
met with and that the law of periodicity of the beats 
will be different for the two prime mover shafts. When 
parting occurs the thumping or hammering of the 
wheels will therefore seem to be of a very erratic nature. 
This peculiarity has probably been noticed by most 
engineers who are interested in reduction gearing. 

he main and important disturbance would seem to 
be Pz. It is of a very complex nature, certainly con- 
taining harmonics, probably a function of the 5 
and without a doubt changing its characteristics with 
the depth of immersion. In some cases P; and P2 
will be known completely, in others, they will depend 
on the elastic connections of the system. For the sake 
of illustration, we will first deal with an example where 
the magnitude, periodicity, and phase of two of the dis- 
turbing elements are known completely, namely, P; 
and Pe, when the prime movers are two multiple cylinder 
engines. In such a case the gearing will evidently be 
of the single reduction type, and our equations for tooth 
pressures become :— 











and 
6) 6953... 8, AA tH 5053... Se e.. 2A =O 


They are each built up of two items and merge into the 
form 6, 82 J = 0, or A = 0, when the factor 
multiplying the second item is gradually reduced to 
zero. The number of equations which appear depends 
in a tuned or nodal system on the number of toothed 
connections in the attendant train, and the difference 
between them depends on the moments of inertia of the 
attendant wheels. It follows that the smaller the 
moments of inertia of these attendant wheels the more 
nearly do the various critical speeds merge into one 
value, and hence the smaller speed range over which 
these criticals are spread. We may look upon the matter 
in perhaps a simpler way, for example, in an ordinary 
three-shaft arrangement the most dangerous elements 
would appear to be the primaries ; when working at or 
near a critical speed, these wheels are instantaneously 
free and uncontrolled by elastic connections, and hence 
may take up independent rebounding hammer motions. 
If such a thing is possible the only way we can reduce 
the effect is by colesiog the “ weight of the hammer,” 
i.e., the moment of inertia of the primary wheel. In the 


where only the fundamental features are indicated. 

The coefficients of all the P; and P2 terms appearing 
in this equation will be known as a result of an analysis 
of the torque diagrams, If the periodicities of P, and 
P2 are higher than any free periodicity of the system, 
the overtunes of P; and Pe can evidently be neglected, 
and this will generally be the case, or will have to be 
made so, with a multiple cylinder engine arrangement. 
An inspection of the expressions now reveals a rather 
interesting possible simplification. If the shafts 1 and 2 
are tuned to the same periodicity, and the prime movers 
are made identical as regards rotating masses, recipro- 
cating masses, and gear wheels; if, moreover, the two 
prime movers and gearing are so assembled that the phases 
of P; and P2 are in opposition, then the two middle terms 








single reduction arrangement the hammer does not 
exist. 

General Conclusions on Simplification._-We are led, 
as a result of our investigation, to the conclusion that the 
tuning or nodalizing of any geared drive is the most 
direct and important dynamical means of attacking the 
problem when our object is the reduction of the number 
and magnitude of the possible critical speed ranges. 

Three Shaft Arrangements.—In order to illustrate the 
use of the general equations and conclusions deduced 
in the preceding pages, we will now deal in a broad way 
with two simple problems, in which the arrangement 
of gears and elastic shafts consists of two prime mover 
shafts geared to one propeller shaft, namely, the common 
form of arrangement used in ship propulsion. If we 
wished to carry our simplification in a haphazard design 
to the utmost limit, the arrangement would be made 
to consist of either a single reduction train, or if not 
possible, then double rec'uction train with only one prime 
mover, as in this way vhe critical speed ranges would 
be cut down toa minimum. A double reduction arrange- 
ment with one prime mover will possess almost all the 
advantages of a single reduction arrangement with two. 
In any case we shall reduce our system to a one mass 
per shaft system, and where double reduction is employed 
shall employ rigid shaft connections between the primary 
wheels and pinions, and make the moment of inertia 
of the primaries of the least possible amount. In all 
three shaft arrangements of the kind dealt with here, 
it is sufficient to deal with the tooth pressures relating 
to the two prime mover shafts, since the pressure on 
the teeth of the main wheel will be the sum of these two 
pressures. Representing the prime mover shafts by 1 and 
2, and the propeller shaft by 3, we have from equations 6, 
page 439 ante, the expressions for the tooth pressures :— 
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where only the fundamental character of the disturbances 
In reality these expressions 


are supposed represented. 





should be written so as to cover all the various features | turbines. We then see that the values of the pressure 
of the disturbances, that is, if pz is the main periodicity | torques become :— 
of P; there should be in them terms in pz, 2 p3, 3.p3.. .- I I I 
&c., with similar expressions for each of the simple terms — +26 1+ Zé +34 
given above. The meaning of the various symbols|p _ _ PB ou +4 d12 + 513 >. 
employed in the above are fully explained in the early a 6, Ai 1 812 Ag 2 623 As “ 
part of the paper. 

We might discuss the character of the fluctuations i Si I; +35 lass 
of tooth pressure, but such work presents difficulties a? ange Reap co,” 
owing to our lack of knowledge of the magnitude, perio- | Rg = — ie a0 A Py + Bio A P2 + oa A 
dicity, and phase of the important features of Pi, Po, 12 11 1 12 72 33 3 


These expressions for the two pressure torques, it will 
be observed, differ in the first term only. 

It is simply begging the question to assume that peri- 
odic disturbances P; and P2 do not occur in turbines. 
An oscillation of any kind in turbine rotors will lead to 
the peculiarities of under-speeding and over-speeding, 
and hence to fluctuating couples. These couples will 
be functions of p and @, or of p 6; that is, they 
will depend on the periodicity and amplitude of the 
oscillations of the rotor, and will become important 
when the periodicity of the oscillations is high and 
approaches synchronism with any of the possible free 
vibrations of the system. They can only be brought 
into existence in the first case by harmonics of the pro- 
peller disturbance. These couples are apparently only 
appreciable when the periodicity is great, for they are 
only of importance when 2 7pr 6, or the superposed 
maximum angular velocity of the oscillating motion 
becomes of the same order as the change of whirl velocity 
in the various stages of the turbines. Our object is to 
eliminate them. This can apparently only be done 
by reducing the value of p and @ to the least possible 
amount, that is, by devising a system which has the least 
possible number of free vibrations of the lowest possible 
periodicity, arranged so that its free riods cannot 
possibly synchronise with the periodicities of the funda- 
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We then can conclude that the fluctuations of R; and 
Re will be in unison, but nothing more. If we further 
tune down the whole system to the lowest possible pitch, 
since the turbine disturbances are negligible unless of 
a high pitch which approaches synchronism with a high 
free periodicity, the only item which remains to be con- 
sidered is the disturbance arising from the propeller 
blades. 

We will now return to the question of critical speeds 
in a three-shaft system, which has been dealt with in 
the manner indicated above, and in which we may reason- 
ably assume that the fluctuating pressure torque has 
been reduced to the form :— 
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cut out in each case and the expressions for the tooth ii nen 
pressures become :— R= “a P; 
EP 3 As 
P; bs “1 We will assume that the propeller blade disturbance is 
Ry -_-— —— P; of a simple periodic kind, and that P; is a constant frac- 
511 533 Az tion of the mean torque and hence of each turbine’s 
EF torque. i : 
Pi is ke The critical speeds of the system are evidently given by 
Ro bo 4 P3 T ‘ 
on 533 Az 6; A + a; (5 + Bi) =0 
It follows, therefore, that if in such an arrangement we 4 f 
can make the first term of the right hand of each of these where in a double reduction arrangement there will 





expressions a small quantity we can then, and only 
then, confine our attention simply and solely to the pro- 
veller blade disturbance. The maximum value of P; 
in any case would appear to be much less than P; if we 
use, for example, two eight-cylinder Diesel engines, 
so that if we can make 6); large the terms mentioned 


will be negligible. The value of 5); is 1 — Pi 


, and hence 


by making f; small, in comparison to 7}, a thing which 
is easily done, that is, by tuning down the two prime 
mover shafts to a low pitch, it is possible to reduce our 
tooth pressure expressions to the form :—. 
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that is, our fluctuating pressure torques would be in 
unison. 

The actual crank arrangement of such a drive would 
have to be accurately set; the reciprocating masses 
would have to be numerous, and would have to be re- 
duced to their equivalent of rotating masses, and as 
such used in the determination of the moments of 
inertia with which we are concerned. It would appear 
that by a simple tuning, lowering of pitch, balancing 
and crank setting of this kind, a far more satisfactory 
arrangement could be obtained than would ever be got 
by haphazard design. 

The only item which we have still to consider is the 
peculiar effect of the propeller blade disturbance. Before 
dealing with this point we will examine a second simple 
case of the three-shaft problem, which appears to lead 
to the same type of result when equalizing, tuning 
and pitch lowering have been introduced. In this 
second example.we will choose a case in which P; and 
P2 are not known either as regards magnitude, 
periodicity, or phase, namely, where the two prime 
movers are turbines. Returning to the values of R; 
and Ro, in the preceding column, let us proceed to 
simplify the system, tuning the turbine shafts and 
equalising the moments of inertia and torques of the 
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be five equations obtained by putting first a = 0, then 
= = i, then ¥ i i; + i11, and in a single reduction 
arrangement three equations corresponding to a = () 
and i, = i}. Making use of the equation and expres- 
sions (7a), (76), and (7c) given above, collecting and 
simplifying, we have, for such a system in which the 
prime mover shafts are tuned to the same pitch, the 
following equations for the complete determination ot 
the possible critical speeds :— 
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It follows that for the simplest possible three-shaft 
arrangement there are two critical speed ranges, or ten 
critical speeds when double reduction gearing is employed, 
and six critical speeds when single reduction gearing 15 
used. Our object, then, is reduced to the adjustment 
of the critical — ranges, or critical speeds calculated 
by means of these quadratic equations, so that they 
fall in positions amongst the family of impressed speeds 
in such a manner that neither coi 





t neidence nor approxi- 
mate coincidence is met with over that part of the speed 
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range which is considered important. 


That is, in general, 
a fairly simple thi 


to do when a design is being prepared 
ab initio, but would appear to require some little patience 
and ingenuity when one is concerned with the conversion 
of haphazard arrangements, 

It may be observed that in a haphazard arrangement 
of a three-shaft drive, in which stiff turbine shafts are 
employed, and hence in which high periodicity criticals 
may be met, the total possible critical speeds, working 
on the same lines as the above, are given by equations 
built up from (7a), (76), and (7c). There are 75 critical 
speeds, given by 25 cubic equations in the case of a double 
reduction drive, and 39 critical speeds given by 13 cubic 
equations in the single reduction arrangement. In 
each case these critical speeds fall into three critical 
speed ranges. If it can be maintained that the turbine 
disturbances are negligible, the number of criticals is 
27 in a double reduction, and 15 in a single reduction 
arrangement. Moreover, the critical speed ranges of 
the tuned, &c., system can be determined with a fair 
degree of accuracy, whereas those of the haphazard 
system cannot. Clearly defined critical speeds are 
apparently seldom met with in haphazard arrangements, 
and hence the writer is of opinion that there is no clearly 
defined oscillating system in the majority of cases, but 
a hopeless jumble of vibrations and chatter to which 
mathematics cannot be applied. 

It may be maintained that the high periodicity criticals 
are outside the working range of the arrangement. 
The writer cannot see how this can possibly be, as the 
number of impressed speeds covers such a wide range, 
and when the harmonics of the propeller’s disturbance 
are considered, such suggestions seem altogether out of the 
question. The writer has spent a great amount of time 
in analysing oscillating systems of the three-shaft kind, 
and has never yet found one case of haphazard arrange- 
ment where all the criticals were not below the speed of 
revolution of the highest speed turbine shaft. 

Critical speeds are often met with in engineering work, 
sometimes they are easily explained as in simple whirling 
phenomena, and accurate calculations can be carried out 
and their peculiarities understood ; in other cases there 
are hidden mysteries, as in the example dealt with by 
McAlpine, and are only explained after the most careful 
mathematical investigations, which attempt to deal with 
both the evidently large and the apparently small influ- 
ences. Critical speeds present no difficulty if they are 
clearly defined ; the sea-going engineer will unconsciously 
open or close his stop-valve when excessive vibration 
is met with. If an arrangement of machinery is manu- 
factured which has a multitude of critical speeds within 
its normal speed range, if a number of these critical 
speeds occur close together in the working range, adjust- 
ment for evasion is impossible. 

In a tuned system under certain conditions, generally 
arranged to correspond with half speed, clearly defined 
critical speeds are met with. There is no doubt about the 
meaning of such to an individual standing on or near the 
gear case if the periodicity is low, as the phenomena 
resembles an earthquake and extends over a speed range 
of from 4 r.p.m. to 6 r.p.m., but there is no extra noise 
while working under these conditions. Noise, chatter, 
hammering and roaring are apparently not to be 
associated with low periodicity criticals in a system where 
defined oscillation exists. It appears to the writer that 
the most dangerous type of critical speed is that of high 
periodicity. Such criticals are dangerous because 
we have no clear evidence of the presence except in the 
rattle and roar, which when once started gradually 
increases in volume as the speed increases. It was the 
peculiar behaviour of a true roarer which led the writer 
to suspect that there were other disturbances to be taken 
into consideration besides those arising from propeller 
blade action. 

The Critical Speed Diagram.—We will now examine 
in a slightly different manner the conditions under which 
critical speeds are arrived at in a geared drive. In order 
to make the problem appear as simple as possible, we 
shall continue to confine our attention to drives con- 
taining three elastic shafts. In our previous illustrations 
we have spoken of the harmonics of the propeller blade 
disturbance ; in the following we shall pay particular 
attention to these harmonics. We shall assume (1) that 
there are no disturbances arising from the turbines ; 
(2) that the only critical or unworkable speed range of 
importance is that in the neighbourhood of the low root 
of A=0; (3) that apart from the unworkable critical 
range the critical speeds depend on the absolute coinci- 
dence of the periodicities of one or other of the harmonics 
with a free periodicity of the system. This is equivalent 
to saying that the fundamental of the peopuller blade 
disturbance is the only element which is supposed to have 
magnitude, 

Theunworkable range can be determined approximately 
by the equations given in this paper if some assumption 
is made as to the magnitude of the propeller blades’ 
fluctuating torque. It appears reasonable to take the 
value of the quantity given by Messrs. Walker and Cook. 

As the speed of the drive gradually increases, the 
periodic elements of the propeller’s disturbance will 
search the free periods of the system; and various 
synchronising states will have to be passed through. 
The matter is most easily understood with the help of 
the “‘ critical speed diagram’’ annexed. In this the speed 
of the main shaft is taken as abscissa and the free 
periodicities and impressed periodicity are represented 
as ordinates. The free periodicities are represented by 
horizontal lines, since they do not change with the speed 
of the parts ; the forced periodicities are represented by 
lines radiating from the point of zero and zero 
periodicity to the particular value of the periodicity 
corresponding to full The intersection of the 
sloping and horizontal lines give the possible critical 
8 of the system under the assumed conditions, and 
these speeds can be read off on the horizontal scale of the 
diagram. 





The diagram below has been prepared to corre- 
spond to the original and final arrangements of the 
drive of the ss. Melmore Head, which are described by 
Mr. Wilkie. 

In the original arrangement the values of the various 
quantities were found to be :— 


r.p.m. b.p.m. 
Io = 1°33 x 106, b= 4, Np= 560,b6N= 280 
I; = 1°90 x 106, f; = 1,140 b.p.m., Ny = 3,600, hy = 2,440 
Ip = 8-90 x 106, Se = 78..,, No = 2,400, ho = 990 
Is = 0°31 x 106, fs= 187 ,, N3= 70,h3 = 138 


The estimated unworkable range was from 24 r.p.m. to 
42-5 r.p.m. This is represented by H on the diagram. 
An inspection of the various lines drawn on the diagram 
relating to this case shows that as the speed increases 
very slowly to the maximum speed, a large number of 
critical speeds are passed through. If it can be main- 
tained that only a few of these harmonics are of impor- 
tance, there still remains a sufficiently large number of 
critical speeds to make any engineer uncomfortable. 
A reduction of these critical speeds must be effected in 
some manner, The elashes at slow speeds will evidentl 
not be so serious as at high speeds, but it is rather difficult 
to know exactly where to begin in discussing these clashes. 
The H range will, in any case, be altogether out of the 
question for continuous running. 

Peculiar behaviour may be noted at about 24 r.p.m., 
and this will be intensified as the speed increases, 
24 r.p.m., that is, the commencement of the H range 
the tooth pressure fluctuation will be double the tooth 
pressure calculated from the transmitted torque, but 
what will happen after this point is passed we cannot tell ; 
the oscillating system will break down and remain in a 
state of jumble, at least, until the H range has been 
passed through, that is until the speed exceeds 42-5 r.p.m, 
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We must now notice the appearance of a series of high 
periodicity criticals found by the intersection of the 
various sloping lines with the h? line ; there are in our 





diagram three such clashes above 42-5, and in the still 
higher hz, six such clashes. We need not deal with 
refined arguments about these criticals, it is sufficient 
to see that there are a large number of criticals of high 
periodicity between the end of the H range, or 42-5 r.p.m. 
and full speed 70 r.p.m. Is it surprising that this 
arrangement of machinery commenced rumbling at about 
25 r.p.m., and that the rumbling gradually changed to 
a loud roar as the speed increased ? 

If turbine disturbances exist in an arrangement of this 
kind other unworkable ranges have to be considered ; 
if the teeth of the gear wheels are not accurately formed, 
a series of impressed periodicities of a nature probably 
far more complex than those considered above become 
effective. These two points have been ag rf avoided 
in considering this diagram. Even with these simplified 
conditions the peculiar behaviour of this noisy machinery 
appears to be explained by the critical speed diagram. 

n the early stages of the investigation numerous 
attempts were made to find speed ranges of a workable 
kind, but no success was ever attained. The whole speed 
range from about 25 r.p.m. to 70 r.p.m. was unsatisfactory 
and there were no clearly defined critical speeds, 

In the final arrangement complete tuning was adopted 
and the various quantities became :— 


Ip= 1°33 x 106, 
Ij = 10°20 x 106, 
Ip = 890 x 106, 
Iz= 0-312 x 106, 


fr =137 bpm. hy =m, = 540 b.p.m. 
fp=187 ,, hammg=cl8T ,, 
fs=137 ,, 


The critical range extends from 28 r.p.m. to 40 r.p.m. 
This is represented by N on the diagram. The inter- 
section of the n; and nz lines with the sloping lines have 
quite a different character to those of the preceding 
examples. There are now only two clashes at speeds 
above the critical range, and these are widely separated, 
one occurs at 44 r.p.m. and the other at 66r.p.m. If it 
had been convenient, an even better arrangement could 
have been made than that adopted here, by the adjust- 











ment of the free periodicities of the turbine shafts to 
still lower values. The results obtained by the intro- 








duction of this arrangement, even with the original pri- 
mary wheel on the H.P. turbine side, were surprising 
to anyone acquainted with the behaviour of the drive 
in its original form. A study of the critical speed 
diagram leads one again to the importance of tuning 
and pitch lowering as the only possible means of securing 
a satisfactory drive. 

A careful consideration of the various points dealt 
with in this paper has led the writer to believe that, in 
the study of critical and unworkable ranges, 
he has found the explanation of the roaring ship, and 
thereby has been able to indicate the oat ossible 
direction in which engineers are to soesed if honed 
reducing arrangements are to be made thoreughty reliable 
details of reasonable size. 

_The writer desires to place on record his thanks to the 
directors of Messrs. Workman Clark and Co., the directors 
of the Ulster Steamship Company, the works managers, 
and the many engineers and friends who have freely 
supplied information and help during the investigation. 





DOUBLE REDUCTION GEARS IN THE 
SS. “ MELMORE HEAD.” 
By Mr. J. Wirxte. 


In the controversy which has centred round the 
problem of double reduction gears during the past few 
years, it has been exceedingly difficult to collect reliable 


t| information regarding the troubles which have been 


experienced with this type of drive. Excessive noise 
in the engine-room, with hammering of the gears, would 
appear to have been all too common in gear-driven ships. 
When this is the case, heavy flaking of the gears in the 
neighbourhood of the pitch line occurs, with grooving 
and deformation of the teeth, and occasional fractures 
of the teeth, which clearly suggest fatigue of the material. 
While this must have been the experience of many, 
there are those who assert that there is nothing wrong 
with double reduction gearing. If this is the case 
one naturally wonders why it should be necessary to run 
many of our geared ships at reduced powers, and to design 
the gears for new installations at half of the original tooth 
pressures, thereby greatly increasing the weight and cost 
of gears. With so much conflicting evidence, there is 
good ground for the appeals which have been made for 
giving all the facts available regarding the performance 
of double reduction gears at sea. 

By the courtesy of the directors of the Ulster Steamshi 
Company, and the directors of Messrs. Workman, Cla 
and Co., of Belfast, the author is enabled to give a 
detailed account of the troubles experienced with double 
reduction gearing in the Melmore Head, together with a 
description of the methods recently adopted to overcome 
these troubles. The Melmore Head is a single-screw 
steamer of 2,500 s.h.p. driven by double reduction- 
geared turbines. This ship was built and engined by 
Messrs. Workman, Clark and Co., and delivered to her 
owners, in September, 1918. 

Fig. 1 shows in plan the arrangement of the turbines 
and gear, while Fig 14 shows the relative positions of 
the pinions and wheels. The revolutions of the various 
elements are :— 


Per Min. 
High-pressure and intermediate pressure 
turbines and pinions see -- -8,600 
Low-pressure turbine and pinions 2,400 
Second reduction pinions... sis 560 


Main shaft ... see 70 


The second reduction gears are designed for a working 
pressure of 1,000 lb. per in. width of tooth, and at 70 r.p.m. 
the constant P/,/d is 274. The machinery is placed 
amidships, and the length of the main propelling shaft 
from the gear to the propeller is 144 ft. In her regular 
service across the North Atlantic the Melmore Head 
makes the outward voyage in ballast and the homeward 
voyage loaded. As several sets of gearing have been 
fitted to the original gear case at different times, these 
will be designated by numbers in order that the sequence 
of events may be clearly followed. Particulars of the 
various gear arrangements are given in Table I, 

Gear No. 1.—In erecting this gear in the shop every 
precaution was taken to ensure accurate alignment, 
and the same care was taken to ensure this alignment 
being maintained when the gearing was put in position 
in the ship. The running of this gear on the trial trip 
was very unsatisfactory. The noise in the engine-room 
was deafening, while at the gear case it was evident that 
the gears were hammering each other in a most alarmi 
fashion. This hammering of the gearing was not confinec 
to any one particular speed, but could be distinctly 
traced at all speeds up to the maximum. It was confi- 
dently expected that after a short time at sea the general 
conditions in the engine-room would improve, that the 
teeth would become properly bedded to each other, and 
that the hammering would cease. Such a state of affairs, 
however, was never realised, and each succeeding report 
from the chief engineer merely indicated that matters 
were getting worse. This was confirmed by personal 
observations on the part of the author, It has n his 
practice, until quite recently, to either meet the ship 
on her arrival in Belfast Lough, or to accompany her to 
her coaling ports on the Clyde or Bristol Channel, in 
order to trace the various developments in the problem. 
A careful examination of the gearing at the end of the 
first voyage showed a considerable amount of flaking of 
the teeth and grooving at the pitch line. By the end of 
the second voyage this had increased considerably, and 
in addition, a sharp protruding edge was being formed on 
the teeth of the second reduction gears. This wasremoved 
before the third voyage was started. During the second 
voyage, also, considerable trouble had been experienced 





* Paper read before the Institution of Naval Architects 
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through choking of the oil filters by steel particles from 
the gearing, and, in addition, a slight fore-and-aft 
movement of the second reduction pinions was detected. 
The outward portion of the third voy was safely 
completed, although the choking of the oil filters and the 
movement of the second reduction pinions were increas- 
ing. When 400 miles of the homeward voyage had been 
covered, however, the movement of the pinions had 
become so violent and the consequent pounding of the 
ears and vibration of the gear case so severe, that speed 


ad to be reduced, and Norfolk, Va., U.S.A., was made | 


with very great difficulty. In this port, temporary thrust 
pads had to be fitted to the ends of the second reduction 
pinions to hold them in position, By this means it was 
possible to run the machinery at a speed sufficient to 
maintain steerage way on the ship while she was being 
towed home by another of the company’s vessels. 

Between September, 1918, and April, 1919, when this 
gear collapend, approximately 25,000 miles had been 
covered at full power. Particulars of the speeds and 
revolutions are given in Table II, Two reasons were put 
forward for the failure of this gear; these were inaccu- 
racies in cutting and faulty alignment. As regards 
alignment, great care had been taken with this in the 
course of construction, and when the gear wheels were 
removed it was again checked by mandrils in the gear-case 
bearings and found to be correct. This being the case, the 
whole cause of the trouble was attributed to inaccurate 
cutting of the gears. It was decided, therefore, that new 
gears of finer pitch (particularly in the case of the second 
reduction gears) should be put in hand, and that these 
should be cut by a different firm of gear cutters. 

Gear No. 2.—The gear wheel and pinions in this case 
were mounted in the gear case on board the ship. The 
alignment of all the parts was carefully examined, and 
all concerned (including the gear cutters) were satisfied 
as to the accuracy of the work. Had any doubt existed, 
this was removed by an examination of the tooth mark- 
ings after the trials had been run. The performance 
of this set of gearing on trial showed very little improve- 
ment, on the performance of the first set. The noise 
in the engine-room was still excessive, and the hammering 
of the gears was much in evidence. Nevertheless, the 
ship went on her fourth voyage at designed speed. While 
this gear lasted the rattle and roar in the engine-room 
remained undiminished. The gears were examined at 
the end of each voyage, and although the wear on the 
teeth did not appear to develop as rapidly as in the first 


gears, signs of the old troubles with flaking and grooving | 


were not wanting. At the end of the fourth voyage the 
pressure of the oil supply to the gears was increased by 
raising the level of the gravity supply pipes to the top of 
the engine-room casing. No appeosietl e change in the 
noise resulted from this alteration, however, and the 
fifth voyage was completed under the similar uncom- 
fortable conditions of previous voyages. 

The sixth voyage of the ship, and the third with this 
set of gearing, saw the collapse of Gear No. 2. On the 
passage up the St. Lawrence River, the second reduction 
gears stripped half-way across the face of each pinion 
and wheel shroud, Between August and November, 
1919, this gear had completed approximately 14,000 miles 
at full speed. Temporary second reduction gears were 
dispatched to Canada, and after these were fitted up the 
ship returned to Belfast at about half power. 

An examination of the fractured teeth of this second 
set of gears showed that all the teeth had been broken 
off sharp at the roots without any sign of elastic deforma- 
tion. From this it was concluded that the material had 
given way under fatigue stress, and this was subsequently 
confirmed by test carried out at the steel works. It 
appeared, therefore, from an examination of all the facts 
available that stresses of a nature of magnitude not 
anticipated in the original designs were being transmitted 
through the gears, and that lower tooth pressures would 
have to be employed if the gearing was to be made 
to work satisfactorily. Accordingly it was decided to 
re-design the gear-case and to limit the maximum tooth 
pressure to 500 lb. per inch width. This gear was 
actually completed, but, as subsequent developments 
— it was never necessary to have it installed in the 
ship. 

Gear No. 3.—As the demand for tonnage at this time 
was very Freee, a third set of second reduction gearing 
was installed to work in conjunction with the primary 
gears retained from Gear No, 2. With this arrangement 
the ship was to be kept in commission at reduced power 
until the new gear case was ready. Three voyages 
(Nos. 7, 8, and 9, Table II) were completed with this 
arrangement before any modifications were made. The 
average speed over these three voyages was 7-5 knots 
at 48-5 revolutions, giving a value of 132 for the constant 
P/,/ d. The running conditions with this gear, even at 
reduced power, were not too satisfactory. While the 
engine-room conditions were certainly tolerable, there 
was clear evidence of the former hammering action of the 
gearing taking place. The intensity of this action was, 
of course, greatly diminished »wihg to the reduced speeds 
of rotation of the wheels ; at tue same time a reduction of 
the constant from 274 to 132 had not produced that 
smoothness of running and absence of noise so essential 
for the preservation of the gear for any considerable time. 

In the author’s opinion the method of attacking the 
gearing problem by simply reducing tooth pressures was 
not satisfactory. It seemed to be more or less a shot in 
the dark supported by no sound argument, and was 
likely to prove a tedious and costly method of experiment. 


From a careful study of the observations made from time 
to time on the Melmore Head, the writer came to the 
conclusion that the gear transmission system as a whole 
was dynamically unsound, and that if satisfactory 
running of the gears was to be obtained, some considera- 
tion would have to be given to the inertia effects of the 
various rotating masses, and particularly to the effect 





of torsional vibrations of the propelling shaft, arising 
from propeller action in a variable wake. 

Shortly after the third ing arrangement was 
installed, Professor Smith was called in to investigate 
the problem on behalf of the builders, and the writer 
became associated with him in carrying out the subse- 





_ Ithad been observed at various times that the hammer. 


ing effects in the gear appeared to be most severe at the 
low-pressure side. The reason for this was believed to 
be that, because of its mass and the rigidity of its con- 
nection to the gears, the low-pressure turbine was unable 
to keep step with the fluctuations in speed of the main 
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TABLE I. 
| Gear No. 1. Gear No. 2. Gear No. 3. Gear No. 4. Gear No. 5. Gear No. 6. 
| 
y . Circular Cireular | po Circular . Circular Circular 
P.C.D.* oo P.C.D. | “Birch | P.C-D. | ee | BCD. | “Soe | PCD. | eat | PCD. | “pitch. 
n. in. in. in. in. in. in. in. | in. in. in. in. 
H.P. pinion ..| 7:143 | 0-8976 7-06 0-6 Gear No. 2. Gear No. 2 7-06 0-6 7-062 | 0-6778 
retained retained gs a 
H.P. primary | 45-714 | 0-8976 | 45-798 | 0-6 Gear No. 2 Gear No. 2 Gear No. 2 45-795 | 0-6778 
wheel — retained retained retained — 
L.P. pinion ..| 10-0 0-8976 9-923 0-6 Gear No. 2 9-925 , 0-6778 9-925 | 0-6778 Gear No. 5 
retained ay Ny ‘ 
4P. , 2-85 897 *935 | 0-6 Gear No. 2 42-936 | 0-677 Gear No. 4 Gear No. 
, a Sat ee retained retained retained a 
Second red. | 13-333 | 2-004 13-507 0:8 13-495 | 1-1458 Gear No. 3 Gear No. 3 Gear No. 3 
pinions — — . = Ne 
Main wheel . .|106-667 | 2- 06-493 0-8 106-504 | 1-1458 tear No. 3 ear No. ar No. 3 
oy goraees ra he ee retained retained retained 
Nore.—Figures are inserted where the parts have been renewed. 


Taste II.—Eztracts from Log of SS. ‘* Melmore Head.” 











Speed 
Voyage Number. in R.P.M. Gear. 
Knots. 
1. Outwards 10°8 69-2 No.1 
Homewards 10-8 70-0 No. 1 
2. Outwards 10-87 70-4 No.1 
Homewards 11:1 69-0 No.1 
3. Outwards 11°5 71°3 No. 1 
4. Outwards 12-2 71-0 No. 2 
Homewards 11-0 67-1 No.2 
5. Outwards 11°6 72-0 No. 2 
Homewards 9-9 67-1 No. 2 
6. Outwards 11-7 71-6 No. 2 
7. Outwards 7:5 49-4 No. 3 
Homewards 7:8 50°5 No.3 
8. Outwards 7:5 47-1 No. 3 
Homewards 7°7 48-3 No. 3 
9. Outwards 7:8 48-3 No. 3 
Homewards 6:3 7:4 No. 3 
10. Outwards 7-4 49-6 No. 4 
Homewards 8-0 52-6 No. 4 
11. Outwards 10-2 65-3 No. 5 
Homewards 8-0 52-7 No. 5 
12. Outwards 8-0 54-9 No. 6 
Homewards 9-4 59-6 No. 6 
13. Outwards 10-1 62-3 No. 6 
Home wards 9-9 63-2 No. 6 
14. Outwards 11-3 68-3 No. 6 
Homewards 9-9 64-0 No. 6 
15. Outwards 11-5 68-0 No. 6 
Homewards | 9-5 62-5 No. 6 











quent changes which were made from time to time. The 
mathematics of the problem have already been put 
before you in Dr. Smith’s paper on “‘ Nodal Arrangements 
of Geared Drives.”” The writer will, therefore, confine 
his remarks to a description of the various changes made 





on the Melmore Head. 





* P.C.D. = Pitch circle diameter. 


wheel which resulted from torsional oscillations of the 
main shaft. Parting of the teeth would, therefore, occur 
with hammering when contact was resumed. It was 
decided, therefore, as a first experiment to adjust the 
shaft connecting the low-pressure turbine to its primary 
inion in such a way as to make the periodicity of the 
ree torsional oscillations of the low-pressure turbine 
about the main gear wheel equal to the periodicity of 
the free torsional oscillations of the propeller about the 
main gear wheel. 

Gear No. 4.—To carry out the idea of tuning the low- 
pressure turbine and its driving shaft to the same 
periodicity as the propeller and propeller shaft, the 
pinion shaft A in Fig. 1 was removed and replaced by a 
hollow bored pinion shaft with an internal flexible driving 
shaft as illustrated in Fig. 2. The principal dimensions 
of this arrangement were A = 2;;in., B = 2}}in., 
C = 44, in., D = 44 in., L =7 ft. 10 in. The stress 
on the internal shaft was 9,900 Ib. per square inch. The 
collars on the internal shaft were made a sliding fit in 
the bore of the pinion shaft and were introduced to pre- 
vent any possible whipping of the internal shaft. As the 
primary wheel on this side of the gearing was badly 
grooved, it was decided to renew this wheel in addition 
to fitting the new pinion. Otherwise it is to be par- 
ticularly noted that no other change was made on the 
gearing and that the second reduction gears remained 
exactly as when originally fitted in arrangement No. 3 
at the end of voyage No. 6. This arrangement was 
thoroughly tested on trials at full power in Belfast Lough. 
The efiect produced in the running of the gear by the 
introduction of this flexible drive was most encouraging. 
The hammering of the gears had entirely ape ape at 
the low-pressure side, and instead, a pure rolling of the 
teeth was produced. The gear-case which had previously 
vibrated considerably was now perfectly steady, and 

nerally the conditions in the engine-room were com- 
ortable. As was anticipated, of course, hammering was 
still evident at the high-pressure side of the gears, due 
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to the fact that no adjustments had been made on that 
side. 

Although the trials of this arrangement had proved so 
satisfactory, it was decided to make the next voyage 
at a speed not exceeding 50 r.p.m. The reason for this 


Fig.2\~ 


and the results were considered to be very satisfactory. | have been made beyond those already described in the 


The absence of hammering in the low-pressure primary 
gear and at both sides of the secondary gears was particu- 
larly noticeable. One defect remained, however, which 


subsequently proved to be more important than was 








ch 


paper, and consequently the continued successful running 
of this gear is entirely due to the tuning of the periodicities 
of the various rotating masses of the system. my) 

In conclusion, the writer wishes to express his indebted- 
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decision was that the arrangement was purely experi- 
mental and of a temporary nature, and the stresses 
adopted for the flexible driving shaft were unusually high. 
This voyage—No. 10 in Table Il.—was successfully 
completed, and at its conclusion a careful examination 
of the gears showed no grooving or pitting of the teeth. It 
may be argued of course, that one voyage of approxi- 
mately 7,000 miles is too short a period in which to draw 
any conclusions as to the condition of the teeth. With 
the first and second gears, however, there was no doubt 
as to what was happening to the gear teeth long before 
that distance had been completed. 

Gear No. 5.—As a result of the experience gained in the 
first experiment, it was now decided to tune both 
turbines and their driving shafts to the same periodicity 
as the propeller shaft. This time the stresses in the 
driving shaft were reduced from 9,900 Ib. to 7,500 Ib. 
in order to provide a sufficient margin of safety for 
continuous working at full power. Stresses lower than 
7,500 Ib. were considered impossible in this ship, as the 
driving shafts would have become too long to be satis- 
factorily supported. Pinion shafts A and B in Fig. 1 
were replaced by hollow bored pinion shafts with exten- 
sion sleeves and internal shafts as shown in Fig. 3. The 
principal dimensions of these shafts were :— 


H.P. Side. L.P. Side. 
me Ot sen ch 2} in. 2 # in. 
B + we 3 in, 3% in. 
Cc wa oie 4} in. 44 in. 
D oad ace 44 in. 44 in. 
L .-- 10 ft. lO in. 10 ft. 10% in. 


As the length of the high-pressure driving shaft could 
not be made sufficiently long to completely tune this side 
of the system, it became necessary to increase the inertia 
effect of the high-pressure and intermediate-pressure 
turbines in order to tune them up to the same periodicity 
as the propeller, and to obtain an approximate balance 
between the two sides of the driving system. This increase 
of inertia was accomplished by introducing a flywheel 
between the high-pressure and intermediate-pressure 
turbines. The position of the flywheel between the 
turbines was chosen with the idea of binding the three 
elements in such a way as to form approximately one 
rigid mass, and thus avoid the possibility of independent 
vibrations being set up between those three units. This 
flywheel with its shafts was a solid forging of 34-38 tons 
steel, the diameter of the wheel bei 3 ft. 4 in., the 
breadth 97% in., and the weight 2,720 Ib. The flywheel is 
shown in Fig. 4. This arrangement of flexible shafts 
and flywheel was fitted up at the conclusion of voyage 
No. 10. It is again to be particularly noted that no 
adjustments were made on the second reduction gears, 
these remaining exactly as when originally fitted at the 
end of voyage No. 6. 

Trials at full power were run with this arrangement, 





















































anticipated. Doubtless many of you were present 
when these trials were run in Belfast Lough, and you 
may have noticed a slight vibration at the high-pressure 
primary gear. When the new pinion and flexible shaft 
were fitted to the high-pressure side, no change was made 
in the primary wheel. This wheel remained from Gear 
No. 2, and as it was only slightly grooved, it was con- 
sidered that it would run quietly with the new pinion 
and the flexible drive. On the trials, however, this 
condition was not quite realised, and a slight vibration 
developed at the high-pressure primary gear. With this 
one apparent defect remaining the ship set out on her 
eleventh voyage, the outward portion of which was 
completed at an average of 65-3 revolutions. The 
vibration at the high-pressure primary gear had increased 
somewhat by the cad of this outward voyage, and as it 
continued to increase during the a 
speed was reduced and the voyage comple at an 
average of 52-7 revolutions. 

Gear No. 6.—An examination of the high-pressure 
pinion at the end of this voyage showed that it had 
become grooved in exactly the same fashion as the 
primary wheel. It was evident, therefore, that to set a 
new and well-cut pinion to work in a worn wheel and 
expect quiet running conditions was a mistake, conse- 
quently both the high-pressure pinion and primary wheel 
had to be renewed. The flexible shafts were also with- 
drawn for examination at this time, and it was found 
that the collar at the flexible coupling end of each driving 
shaft showed considerable wear. This necessitated a 
modification of the design, and a bearing coupled to the 
forced lubrication system was fitted as shown in Fig. 6 
ebove. This is the last modification that it has been 
found necessary to make on the gears of the Melmore 
Head. Fig. 4 shows the arrangement of the “‘ nodal 
drive’ as applied to the high-pressure driving element, 
and Fig. 5 shows the arrangement as applied to the low- 
pressure driving element. 

With this arrangement the ship has been in continuous 
service, and is giving complete satisfaction. Up to the 
time of writing, voyages 12, 13, 14, and 15 have been 
completed. The average revolutions for the twelfth 
voyage, and the remaining homeward voy are low, 
due entirely to the poor quality of coal. The condition 
of the gearing is perfect. So far, no “pitting” has 
appeared on the primary gears, and only very light 
“ pitting” along the pitch line of the secondary gears, 
which occurred prior to the carrying out of these experi- 
ments, and has not developed since. There is absolutely 
no trace of a beat in the gear case while running up to 
full — The second reduction gears have now 
completed approximately 50,000 miles, 16,000 miles 
before fitting the “‘ nodal drive’ and 34,000 miles since 
the experimental work commenced. The writer would 
like to draw attention to the fact that all these changes 
in the Melmore Head have been carried out in the gear- 
case originally fitted in the ship in 1918. No alterations 
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ness to the directors of the Ulster Steamship Company, 
and Messrs. Workman, Clark and Co. for placing at his 
disposal so much valuable information regarding the 
Melmore Head. 








ArrsHip CONSTRUCTION IN GERMANY.—The formation 
is announced of a large German-American General Air- 
Service Corporation for the purpose of a world-wide 
exploitation of the German Schiitte-Lanz airship patents. 
The corporation is apparently backed by a number 
of leading financiers, and, as a commencement, is said 
to have placed an order for the building of three large 
airships at German works. Co-operation with the 
North German Lloyd and the Lloyd Air Service is to 
be part of the programme of the new company. 

Wires or Stncte Crystars.—The production in the 
Pintsch works of tungsten filaments consisting of a single 
crystal and the wire-drawing of Czochralski, to which 
we have previously referred, have led to experiments 
by E. von Gomperz at the Institute for Fibre Chemistry, 
Berlin. Gomperz melts metals, ¢.g., zinc, in a tubular 
quartz vessel, 4 cm. in diameter, through the stopper of 
which a metal hose is passed ending below in a per- 
forated capillary rod. On the liquid metal floats a disc 
of mica with a hole in the centre, through which the rod 
is lowered into the melt and then drawn up again slowly 
by an electric motor, while nitrogen is paseed down the 
hose. A fine wire, from 0-1 mm, to 1-5 mm. in diameter, 
and fairly regular in cross-section, is then obtained. 
These wires, 35 cm. in length, are said to represent each 
a single crystal; in the case of zinc and bismuth the 
character of the fracture is supposed to show that with 
certainty ; in the case of wires of aluminium, tin, lead, 
cadmium and rubidium this is not considered certain yet. 
These wires may be classed as either ductile or brittle. 
Ductile wires are obtained when the zinc is heated about 
25 deg. above its melting-point, and the wire is drawn at 
rates of from 0+1 mm. to 0:2 mm, persecond. On the 
Schopper textile testing machine the round wires stretch 
quite regularly with increasing load, first rapidly, finally 
to five times their original length, flattening out at 
the same time. When the metal is superheated by only 
a few degrees, and the wire is drawn more rapidly, the 
result is brittle, does not stretch by more than 8 per cent., 
and the elongation takes place in jerky steps. This 
stepwise extension has been so far believed to indicate 
an intercrystalline displacement, but Gomperz believes 
he has only one crystal in his wire. On the other hand, 
extraordinary elongation such as that of the ductile zinc, 
implying a tensile strength several hundred times greater 
than that of ordinary zinc, has been known for some 
steel wires at 160 deg. C., but not for metals at ordinary 
temperature. It is suggested that single-crystal wires 
have properties of their own and are not subject to 
elastic fatigue. 
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POSSIBILITIES OF FURTHER, ECONOMY | 
IN MARINE BOILERS.* 
By Joun Rerp. 

THe shipowner operating a fleet of steamships and | 
intent on reducing his running expenses will not need | 
to be told to watch his coal bills; he must have been 
doing that for some time past with anything but 
equanimity. The larger owners, with ships burning 
hundreds of thousands of tons per annum, have fitted 
their boilers with various automatic registering devices 
such as pressure gauges, CO2 recorders, pyrometers, 
thermocouples, &c., in a systematic attempt to discover 
and limit their fuel wastage. Data from these instru- 
ments for various types of steamers extending over 
numerous voyages and dealing with different classes 
of firemen and a great variety of bunker coals are avail- 
able. A more exact diagnosis of the heat losses to which 
marine boilers are subject is now possible ; the purpose 
of this paper is to suggest certain remedies and to indicate 
how they may be applied. In what follows reference is 
<< to the cylindrical marine return-tube boiler, 
familiarly and honourably known all over the world 
as the Scotch type, installed in innumerable large cargo 
boats, intermediate liners and passenger vessels, not to 
forget the humble but necessary tramp, in which fuel 
economy is of first importance. Express passenger 
vessels, ocean liners, cross-channel steamers and the like, 
in which speed and regularity of service are the first 


Fig.Z. PLAN OF GRATE. 
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considerations and the fuel expended is~ofJsecondary 
importance, are not under consideration. 

f a time card from a recording pressure gauge shows 
great irregularities of pressure in the day’s round, and 
the characteristic gashes each time watches are changed, 


you immediately say ‘bad stoking.’”” Such irregu- 
larities can be ironed out by a change of stokers from 
unskilled to skilled or from European to Chinese, and the 
result may, and in fact is, in many cases an increased 
speed of the ship by as much as a knot, with less expendi- 
ture of fuel, over a series of voyages. It is therefore 
quite hopeless to diseuss the subject of possible fuel 
economies without reterence to the ‘‘man behind the 
shovel.” Like any other human being he reacts to his en- 
vironment, which may be, for example, a tramp steamer 
stokehold in the Red Sea or the Persian Gulf, temperature 
140 deg. F. or more in the shade and no shade, steam 
dropping back, boilers dirty and coal bad. For not 
one of these conditions, however, is the stoker responsible 
nor for inadequate draught, nor for four-furnace boilers 
with the door sills of the wing furnaces as high as his 
shoulders, nor for furnace grates involving a throw of 
7 ft. or more from door opening to back bridge. If 
blame is to be imputed to at yone for waste of fuel under 
such conditions the stoker is apt to get the brunt of it, 
but it seems to the writer that an indictment ought to be 
lodged against other parties who have hitherto escaped 
seot-free. Among them must now be included the 
“man behind the fan” in forced draught jobs. If a 
series of CO2 records extending over a sufficiently long 
period of time are examined, it will be found that 10 per 
cent. represents an exceptionally high average; one 
is much more likely to find even with fair coal and 
trained stokers that from 6 per cent. to 8 per cent. is 
the best average attainable. Such records read, of course, 
in conjunction with other observations, without which 
they might be misleading, indicate that excess air amount- 





* Paper read before the Institution of Naval Architects, 
April 6, 1922. 


| the grate may, by reason of lower ranges of temperature 


ing to 100 per cent., 150 per cent., and even 200 per cent, 
over that theoretically necessary for combustion is 
regularly passed through the boiler furnaces. This puts 
the blame for another very serious loss of heat units 
squarely up to the draught arrangements expressly fitted 
to avoid this very thing. As there is no difficulty | 
whatever in deciding upon furnace and draught arrange- | 
ments which will reduce the excess air supplied to 50 per 
cent. over the theoretical amount required, with CO2 
records of 12 per cent. to 14 per cent. and reasonable 
funnel temperatures, the loss from this cause alone may 
average as much as from 6 per cent. to 8 per cent., or 
even 10 per cent. of the total units generated on the 
grate. 

Again, if means are employed by some form of pyro- 
meter to take periodical readings of furnace temperatures 
over the fires—-a matter of considerable difficulty and 
not to be entrusted to anyone but an expert—.it will be 
found that average temperatures with forced draught, 
fair quality of coal, and under normal conditions of 
stoking, range from 1,100 deg. or 1,200 deg. F., a tempera- 
ture at which dense smoke occurs, to say 1,500 deg. or 
1,700 deg. F., at which combustion, if incomplete, is 
fairly well maintained. But with well-designed boiler- 
furnace equipment, fair quality of coal, good stoking 
and evenly distributed and controlled air supply, such 
temperatures ought to range between 1,400 deg. or 
1,500 deg. F. at the lower limit to 1,800 deg. or 1,900 
deg. F. at the upper. The loss of heat generated on 
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indicated, again run to as much as 10 per cent., and is, 
of course, the result of bad stoking and excess air supply. 

So much for the human element in this problem so 
far as the ship’s engine-room and stokehold are con- 
cerned, but we have to go back a step further to the 
design, construction, and installation of the equipment 
with which the ship’s people have to solve this all- 
important problem of coal combustion. 

The writer has no intention of complieating the issue 
by suggesting changes in the design and construction of 
the boiler. Every engineer and boiler-maker present 
knows perfectly well how to figure out at a moment’s 
notice the sizes and proportions of Scotch boilers for any 
given duty under any given set of conditions. If in the 
emergencies of business competition smaller boilers have 
often been fitted than circumstances would warrant, 
under the erroneous impression that deficiencies could be 
made good by adding to the draught, the onus of blame 
for the inevitable loss of fuel economy must rest with the 
owners or other authorities who act in defiance of un- 
limited experience to the contrary. It may be said 
without fear of contradiction that it has been known for 
thirty years or more that the only way to get the highest 
fuel economy in any class of marine boiler, Scotch or 
other, is to use dimensions and proportions adequate to 
easy natural draught and to add only such fan draught 
as is required to cover variations in the fuel or con- 
tingencies of weather. The introduction of anyelement 
of “force” is to be deprecated, whether that “force ”’ 
relates only to such very usual ashpit pressures as } in. 
or 4 in. W.G., or even less. It should be apprehended 
that for economy of fuel the writer does not concern 
himself with attempts to burn a high rate of fuel per 
square foot of grate; what he aims at is to start with 
boilers in which a very moderate rate of fuel combustion, 
say not exceeding 24 lb. per square foot of te, is 
possible under all conditions likely to be met with in an 
extended voyage, in order to arrive at the evaporation 
necessary for some specified engine duty. Under such 
circumstances, with reasonably good fuel, fair stoking 











Fig. 7. SECTIONAL VIEW OF BOILER WITH REGULAR FORCED DRAUGHT. 


and correct draught, results are possible which have not 
yet been attained. 

The question of boiler sizes and proportions being 
disposed of, it remains only to consider how to improve 
the furnace equipment so that stoking may be facilitated 
and the supply and distribution of the air insured and 
more carefully controlled. 

A critical examination of existing furnace equipment, 
fronts, grates and bridges, for all kinds of draught, 
natural, closed ashpit, and closed stokehold, suggests 
the startling thought that in the whole history of marine 
engineering you cannot find a more extraordinary example 
of suspended development. 

In the past twenty years, which have witnessed a 
complete revolution in the engine-room by the intro- 
duction of turbines and geared turbines, the stokehold 
has shown no corresponding advance. The grates fitted 
to-day in marine boilers are identical with those fitted 
—s or even thirty years ago; in fact, there was 
more liveliness in grate design and development fifty o1 
sixty years ago, and more consideration of the problem 
now engaging the writer’s attention, than there is at this 
date. It is as if, overcome by the difficulties connected 
with their stokehold problems, owners and engineers had 
abandoned the quest for better methods and appliances 
and had allowed a policy of “‘ good enough” to stereo- 
type equipment, whereas a policy of continued develop- 
ment was all-important. The writer is not unaware 
of various efforts by firms and individuals to break 
through this most unfortunate stagnation; there have 


been, for example, various new departures in furnace 
mountings, fronts, firebars, back bridges, &c., many 
of them of considerable merit, but too often isolated 
in their influence and unrelated to the general problem, 
which is how to get the grate itself, and its air supply 
and distribution, intimately brought together for the 
best possible all-round results in combustion. 

It will be well to consider a typical example of furnace 
mountings and grate as usually fitted at this date with 
forced draught. This is shown in Figs. 1, 2 and 3, on 
this page. There is the usual hollow furnace front, 
15-in. deadplate, in’one or two sections, 5 ft. 6-in. or 
5 ft. 9-in. firebars, two side bars filling the furnace 
corrugations, and the familiar cast-iron and brick back 
bridge. If the stoker could be left out of account, and 
an even distribution of the fuel over this grate could 
always be arranged for, even then it would represent 
a@ very poor equipment for the purpose intended. It 
must be evident at a glance that a very small pro- 
portion of ashpit air will find its way up and through the 
first third of the grate, and none at all, of course, through 
the solid deadplate and sidebars. Streams of air under 
pressure, flowing at speeds of 20 ft. to 30 ft. a second, and 
discharged into the ashpit from the furnace front in 
order to keep up a given air pressure of, say, } in. to 
¢ in. W.G., will not give a steady pressure and flow 
through the firebars no matter how well the fire is disposed 
upon the grates. If the fire is burning clear and bright 
from deadplate to bridge an approximation to even 
distribution of the air through the bars may be obtained 
only to be completely upset the moment the furnace is 
charged with fresh coal. But if the stoker, as is not 
infrequently the case, should elect to pile the fresh 
charge high in the mouth of the furnace, then the effect on 
the air distribution below the bars is very marked. 
Air under pressure delivered as indicated into the ash- 
pits, as into a pressure box or a reservoir in the upper 
side of which there are a series of holes obstruc by 
fuel under various stages of combustion or non-com- 
bustion, will not, being free to choose a path of least 
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resistance, elect to push through green coal when it has | culties and improve the air distribution. The aim is to | entirely with the use of top air. As first tried, too much 


a free path through an active area of combustion. It 
will be apparent also that the stoker’s unfortunate 
tendency to pile coal at the front of the furnace has 
exaggerated the natural tendency of the ashpit air 
supply to concentrate on the back two-thirds of the grate. 
We find, therefore, a relatively cold area of retarded 
combustion, and inadequate air supply at the front of 
the grate, and an area of active combustion with con- 
centrated, and therefore excess, air delivery at the 
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back of the grate. The conditions described vary from 
moment to moment as the fire burns up or is replenished 
with fuel ; skilled naval stokers would be careful to avoid 
any such ayer oy as described, but the majority of 
stokers are not skilled, and will hold to the firing method 
indicated with astonishing tenacity even to ‘their own 
undoing. It is unnecessary to describe what occurs 
over the fire under such familiar but very wasteful con- 
ditions, except to state that there is the inevitable heavy 
loss by smoke, by low-temperature combustion, and by 
direct waste of heat units through excess of air suppy. 
Figs. 4 and 5,and photographic views, Figs. 9 and 10, on 
page 475, show a first attempt based upon preliminary 
studies and experiments to overcome the stoker’s diffi- 











bring the deadplate area into action, to reduce the length 
of the grate, and fo discharge the air from the valves with- 
out loss of velocity directly into the front of the fire. It 


air escaped through the openings on the deadplate, 
which had to be reduced to one-half the area originally 
allowed. Cast-iron cheek baffles were fitted with a top 


will be noticed that the top of an average fire, 9in, to 12in.| air supply borrowed from the side valves, the front 


depth on the bars, does not come even half-way up the | being bricked up above them. 


It is possible to brick 


firedoor opening, that the air supply can find its way | up the whole back of the front above the deadplate and 
through the hollow deadplate over the shallow front | to admit only such air supply over the fire as will serve 


portion of the fire, and that any surplus which will not | to cool the door baffle anc 


fire-box opening. If, as 


penetrate the coal on the hollow deadplate finds its way | with certain kinds of fuel, additional top air supply 


Fig.4. ARRANGEMENT OF “RELIANCE” SYSTEM. ASSISTED DRAUGHT SUNK GRATE. 
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back into the ashpit, but still with sufficient velocity 
to direct it under the firebars. A feature not clearly 
shown is the discharge of sufficient air from the side 
valves to the ashpit to prevent any vacuum effect 
at the front end of the ashpit. These arrangements, 
slightly modified, were embodied in the experimental 
equipment described in what follows. The results 
obtained were very remarkable both as regards firing 
and airdelivery. The stoker can now observe his fires 
from deadplate to bridge at all times, the fires burn clear 
and bright from end to end, high furnace temperatures 
are attained, and air supply and pressure can be reduced 
to figures hitherto unheard of. 

It was found possible, as anticipated, to dispense 
































is desired, this is taken from the hollow deadplates 
through the front edge of the fire. There is, therefore, 
no wasteful discharge of top air over the fire required, 
as at present, to cool the back baffles and incidentall 
to deal with the period of dense smoke inevitable wit 
bad stoking. 

In order to burn any desired rate of coal per square 
foot of grate with the arrangements described, say 
from 24 lb. to 30 Ib., the pressures allowed in the ashpits 
were practically atmospheric. Using a pistol gauge 
in the ashpit door hole provided for the purpose— 
admittedly a very poor gauging arrangement, but 
sufficiently accurate for comparative purposes—no 
pressure could be noted above that of the stokehold. 
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The air is delivered to each ash pit by the fan, there is 
therefore a control of an adequate supply, the fire 
gets its requirements fairly delivered between the bars 
at a reasonable velocity suited to fire condition, and all 
parts of the fire, especially the hitherto neglected front 
end, get attention. There is, therefore, no necessity 
for a heavy excess delivery of air and no waste of top 
air, nor need for it with any ordinary coal. The funnel 

ull, being unobstructed, acts over the fire to withdraw 
Freely, smoothly and at reasonable velocities the product 
of combustion, The combustion is very complete, the 
gases are of high average quality and temperature and 
the absorption is good (retarders being carried in all 
tubes), and the funnel temperature is low. This is an 
example of what the writer, for a reason which will 
shortly appear, prefers to call “ Assisted Draught,” 
the underlying idea being that the funnel and uptakes 
should be left free to perform their natural draught 
functions and that the fan should only be used, and only 
allowed to be used, to deliver the necessary air supply 
and insure that supply to each furnace. 

The fitting of a fan in correct connection with the 
furnaee fronts, no air heater being fitted, is, of course, 
a very old arrangement. But in the equipment just 
described another factor of importance has been intro- 
duced, By means of a grate which costs but a few 
pounds more in its practical form than the familiar 
arrangement shown in Figs. 1, 2 and 3, page 472, the 
possibility of dispensing with the air heater, usually 
fitted in the uptakes with forced draught, becomes 
at once apparent. If this heater can be reckoned upon 
in operation to return to the fires 2 per cent. or 3 per 
cent. of the heat generated on the grate, deducting, of 
course, the heat lost in the extra fan engine steam re- 
quired owing to the air and waste-gas resistances through 
the heater, any such saving may easily be lost two or 
three times over by excess air burned with the fuel. 
Now the introduction of the air heater compels the carry- 
ing of relatively high air pressures in the ash pits and 
correspondingly high air pressures over the fires, resulting 
in irregular and spasmodic deliveries of the air for 
combustion with considerable excess air, high air and 
gas velocities, low furnace temperature and, even in 
intelligent hands, the possibility of considerable abuse, 
especially with inferior stoking. This is the reason 
why some of the largest shipowners and their engineers 
will not be induced to use mechanical draught under 
any consideration, They continue to use natural 
draught with all its weaknesses, the only alternative 
apparently being forced draught with its unsuitable 
features for the particular trades and certain peculiar 
fuels to be met with. There are certain coals, for 
instance Chilian, South African, Ombelein (Java), and 
others which, though they can be burned in furnaces 
adapted to Cardiff, Newcastle and similar good British 
bunker fuels, must for the best results have very special 
treatment. Some of them require low furnace tempera- 
tures, others require retarded combustion, some require 
to be specially treated owing to excessive ash tending 
towards heavy clinkering. To attempt to burn such 
fuels, of which there are enormous supplies and a great 
number of varieties, each with its own special charac- 
teristics, on grates even with ash pit air pressures as low 
as } in. W.G., is simply to court trouble, if not disaster. 
You may have your furnace bars solid with clinker or 
down in the ash pit, you may have your uptakes on fire, 
and you may have air heaters, if fitted, hopelessly 
warped and destroyed, possibly corroded andleaky, which 
is just as serious. 

It is suggested that assisted draught as described above 
offers a third arrangement, neither natural draught 
with its weaknesses, nor forced draught with its un- 
suitable features, but a combination of the best features 
of both added to an improved grate, a more equable 
and evenly distributed air supply and a simpler draught 
circuit, 

The writer's experimental work was directed to obtain- 
ing answers of a practical nature to all these questions, 
and his conclusions, derived from ship trials but originally 
based upon reports from hundreds of vessels, some of 
his own design, but most only coming under his inspec- 
tion from time to time, are as follows: Natural draught 
cannot be depended upon for any class of vessel, or fuel 
to be burned, being inadequate to ensure the delivery 
under control, to each and every furnace in the battery 
of boilers, of the air required for efficient combustion. 

Forced draught for improved results imperatively 
demanded by recent investigations requires to be 
associated with better grate equipment, simplifying the 
stoking and reducing the air supply. Preheating of the 
air for combustion, desirable in itself, cannot under the 
limitations imposed in ship work be efficiently and 
economically carried out. It might advantageously 
be discarded in favour of inexpensive improvements in 
the furnace grates, which weld more than return the 
loss of efficiency (if any) due to the use of fan air at stoke- 
hold temperatures. 

To obtain the best combustion results in marine 
boilers in the interests of fuel,economy, the furnace 
equipment should therefore be redesigned to bring the 
disposition of the fuel on the grate by the stoker, and the 
delivery of the air to the fuel, into a more intimate 
association to obtain and maintain a high range of 
furnace temperatures. 

The cost of equipping any new or existing vessel with 
suitable arrangements for the above is less by a very 
considerable sum than is now expended on furnace and 
draught equipment. The benefits are a reduction in the 
cost of upkeep, a direct saving in fuel, and the prevention 
of consequential damage of unknown extent which | 
always follows waste in any form. 

Boiler Trials carried out at the St. Peter's Works of 
Messrs. Hawthorn, Leslie and Co., Newcastle-on-Tyne.— 

The object of these trials was to determine the value 
of certain alterations in furnace equipment and draught 


arrangements towards facilitating the work of the 
stoker and improving the distribution of the air supply 
under and over the grates in the interests of fuel economy. 
The Hawthorn Wyber welded marine boiler installed at 
the St. Peter’s Works of Messrs. Hawthorn, Leslie and 
Co., Limited, was used for the tests. The construction 
and general arrangement of the boiler and its equipment 
are shown in Figs. 6 and 7, page 473. The first trial 
was under natural draught, the conditions being favour- 
able to the best results possible with that system. 

The second trial was under forced draught, the usual 
hollow valved fronts replacing the natural draught 
fronts, but no change was made in the deadplate, fire- 





All trials were of 8 hours’ duration. The stokers were 
ope men, but no special instructions were given them 
or any of the trials. The coal was delivered to the stoke. 
hold in bags after weighing, and at a rate determined on 
beforehand. No attempt was made to maintain high 
rates of combustion on the grates, the object being rather 
to discover if a reasonable evaporation could be obtained, 
well below the boiler’s capacity, with a reduced rate of 
fuel consumption. 

Starting with trial I, natural draught, which formed 
the basis for comparison and for which, as stated, con- 
ditions were in every respect unusually favourable, it 
will be noted that the results, as regards fuel consumption 















































































































































Fig. .8. ASSISTED DRAUGHT WITH NATURAL DRAUGHT GRATE. . 
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TriAt RESULTS. 
(1) Number oftrial .. ine — ‘el I. Il. Vv. VI. Vil. Vill. 
(2) Date of trial wa a ob ..| 17/8/21 19/8/21 7/9/21 8/9/21 14/9/21 5/10/21 
(3) Grates oe oe es - ..| Ordinary Ordinary Special Special Special Special 
4) Draught .. os pee be ie Natural Forced Assisted Assisted Assisted Assisted 
5) Grate area, sq, ft. " - _ 63°3 63-3 58 58 58 58 
(6) Duration of trial, hours . ue x 8 8 8 8 ~ 
(7) Boiler pressure, lb. per sq.in., gauge ..| 152 155 168 158 - 159 163 
(8) Temperature of air in boiler-house, deg.F | 76 69 88 88 77 78 
(9) Temperature of feed-water, deg. F. PAN | 60 60 60 60 61 58 
= ee ee — SS Eee 
(10) Total feed-water, Ib. de oe aa 92,000 101,130 102,600 123,360 109,820 110,960 
(11) Total coal, Ib. - m 4 11,155 10,954 10,738 15,019 12,633 12,772 
(12) Water per hour, Ib. | 11,300 12,641 12,825 15,420 13,728 _ 13,870 
(18) Coal per hour, Ib. nil 1,394 1,369 1,342 1,877 1,579 1,596 
(14) Coal per square feot of grate, lb. /hr. 22-0 21-6 23-1 32°3 27- 27-4 
(15) Water per pound of coal, ib... oan 8-25 9-23 9-56 8-21 8-69 8-69 
(16) Equivalent evaporation factor .. pa 1-209 1-210 1-211 1-210 1-209 1-213 
(17) Equivalent feed from and at 212 deg. F. 
per pound of coal, lb. oe A 9-97 11-17 11-57 9-94 10°51 10-54 
(18) Thermal efficiency, per cent. 67-7 75°8 78°6 67°5 71-4 71-5 
(184) Contents of ash pans, Ib. i oe 416 424 148 183 185 150 
(188) Combustibles in ash pans, per cent. .. 65-4 68-5 42-7 54-4 48 48 
(19) Temperature in air casing, deg. F., near 
furnaces es ee o% se — 103 110 98 101 95 
(20) Pressure in air casing, in. 4 wel - 0-43 0-35 0-34 0-08 0-32 
(21) Pressure in ashpit,in. .. «el - 0-33 0-11 0-09 —0-03 0°15 
(22) Pressure at foot of uptake .-) O-4 +0-06 —0-14 —0-40 —0-38 —0-18 
(23) Fall of pressure from ashpit to uptake 0-4 0-27 0-25 0-49 0-35 0°33 
(24) Temperature at foot of uptake, deg. I’. 598 595 521 587 567 571 
(25) CQg by recorder, per cent. ~— sci 9 14°5 12°5 13-1 13-0 14-2 
(26) COg by Orsat apparatus, per cent. od _ _ 12-5 13-9 14-4 14-4 
(27) Air per pound of coal, Ib. es wri 23-1 14°8 17-0 16-0 16-0 14-9 
(28) Heat to chimney per pound of coal, 
B.Th.U. .. ée és ae “4 3,044 2,007 1,883 2,049 2,012 1,868 
Heat Account : " 
To steam generation, per cent. - ee 67-7 75°8 78-6 67°5 71-4 71°5 
To chimney, per cent. wa Sy a 21-3 0 13-2 14°3 14-1 13-1 
To unburnt fuel, per cent. .. <a a 2-4 2-7 0-6 0-7 0:7 0-6 
To balance (radiation, incomplete combus- 
tion, &c.), per cent. ; “s 8-6 7°5 7:6 17-5 13-8 14°8 

















into the front end of the fire, Fig. 8, above. Retarders 
uptakes. The funnel damper was partially closed to 
regulate pressure over the fire. 


fronts and sunk grates advocated by the writer. 


Coal Company, and described as “West Wylam, best 
screened bunker coal.” It was carefully sampled 


bars or bridges. In the ashpits of each furnace front | and evaporation, are rather above the average, but the 
an air director casting was fitted, delivering the larger | CO2 a is only fair and the chimney and other losses 
proportion of the air from the two side valves directly | relatively 


igh. ; 
Trial II, forced draught (no air heating) with ordinary 


were added to all tubes. No air heater was fitted in the | grates, a low ash-pit pressure of 0-33 in. W.G., and a plus 
pressure over the fires maintained by partial closing of 
the funnel damper, gave prompt indications of remark- 
The third and subsequent trials were under assisted | able possibilities by the use of air directed as described. 
draught, the furnaces being fitted with the special furnace | The COg average rose to 14-5 per cent., the air burned 
per pound of fuel dropped to the remarkably low figure 
The coal used in all trials was of a bituminous, long- | of 14-8 Ib., and the heat losses to chimney per ound of 
flaming, free-burning variety, supplied by the Mickley | fuel dropped to one-third less than in the natural draught 
trial. 


After fitting the boiler with the special furnace fronts 


and tested with the erate results :—- 
Calorific value (mean of three 
tests with bomb calorimeter) 14,300 B.Th.U. 





Incombustible matter ... 7:00 per cent. 
Evaporative power per pound 
from and at 212 deg. F. 14-73 Ib. 


and grates, two short trials were carried out for adjust- 
ments and trial V shows the results. The advantages 
derived were twofold. The stoker’s work was found to 
be greatly simplified, the fuel was easily distributed all 
over the grates, the air supply and pressure were ex- 
tremely low, combustion proceeded very evenly and at 
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POSSIBILITIES OF ECONOMY IN MARINE BOILERS. 








Fra. 


unusually high temperatures. These advan 8 can 
easily be related to operations on boilers at sea, which is a 
much more desirable result than any fancy unmain- 
tainable trial trip efficiencies. It is important to 
emphasise the extremely low air pressures used, the fan 
merely delivering the air supply and the unobstructed 
funne Pe, out its natural functions. Later, trials 
VI, Vit and VIII were run to determine the effects of 
variations in ash pit air pressure and to investigate the 
nature and extent of the losses resulting from forcing 
a boiler above its economic rate of work. In several of 
the trials the CO2 averages obtained with a new Sim- 
mance and Abady automatic recording machine were 
so high that it was decided to check them by Orsat 
apparatus. In all cases the Orsat analysis gave even 
higher averages. 








ARGENTINA—CALLS FOR TENDERS.—The Commercial 
Secretary at Buenos Aires has informed the Department 
of Overseas Trade that the Argentine Minister of Public 
Works has signed a resolution in which it is decided to 
put up in all the dependencies of the Ministry (Direction- 
General of Railways, Directions-General of Bridges and 
Roads, of Ports, of Irrigation, &c.), in a visible place, 
and easy of access, special boards where all notices of 
public or private tenders will be affixed. Among the 
reasons stated to have influenced this decision are 
mentioned the fall in prices of imported materials, the 
earlier deliveries which can now be obtained from abroad, 
and the fact that a large number of well-known factories 
in Europe and the United States have appointed repre- 
sentatives in Argentina with a Sechndeal organisation 
capable of studying the conditions of each contract. 





DETERMINATION OF MoIsTURE IN InsuLATING OrLs.— 
The ordi qualitative tests of moisture in oil have 
practically the value of indicators. For when the colour 
tests, made with = which are changed by the presence 
of water, or the white anhydrous copper sulphate which 
wurns blue, or the centrifugation test, give a positive 
result, the dielectric er bay of the oil will have been 
diminished to a cdifiderable d . The test which 
J. C. Rodman, of the Westinghouse Electric Manu- 
f are of East Pittsburgh, Pa., proposes, 
in the Journal of Industrial and Engineering Chemistry, 
of December, is elaborate and requires greatcare. Water 
is fractionated from the oil in a bulb, which is electrically 
heated and stirred, at reduced pressure; the water, 
together with some oil is collected in a trap cooled by 
liquid air. After removal of the liquid air the water is 
redistilled and is absorbed by phosphorus pentoxide. 
Quantitatively an accuracy within 0-02 per cent. is 
generally required ; the method admits of an accuracy 
of 0-001 per cent. 








CATALOGUES. 


Primary Cells.—A revised price list of the cells and 
parts described in their catalogue L.2, 1920, has been 
issued by the General Electric Company, Limited, 
Kingsway, London, W.C. 2. 


Damper Head,—An airtight damper head*of simple 
and effective design is described in a catalogue issued 
by the Courts-Turner Engineering Company, Mottram 
St. Andrew, near Macclesfield. 


Metallographical Apparatus.—A number of bench 
machines for metallographic grinding and polishing are 
illustrated in a catalogue received from Messrs. Holz 
and Co., 17, Madison-avenue, New York, U.S.A. 


Electric Meters.—Meters of the house service and pre- 
payment types, for alternating- and direct-current, are 
the subject of a special catalogue received from British 
Insulated and Helsby Cables, Limited, Prescot, Lanca- 
shire. 


Electric Lighting.—Messrs. Siemens Brothers and Co., 
Limited, Woolwich, send a booklet explaini their 
system of distribution of electric current (especially in 
connection with housing schemes) and dealing with the 
question of cost. 


Inbricating Oils.—A useful pamphlet dealing with the 
theory and practice of lubrication, especially in its 
application to motor cycles, cars and vehicles, is to hand 
from the Vacuum Oil Company, Limited, Caxton House, 
Westminster London, 8.W. 1. 


Excavators.—Messrs. Henry Berry and Co., Limited, 
Leeds, send a catalogue of steam excavators, with engine, 
boiler and crane mounted on a truck with railway wheels. 
Various brackets and transporting and conveying 
apparatus can be added as required. 


Pig-Iron.—A list of six grades of refined pig-iron 
with data of analyses and physical tests and general 
descriptive notes for each grade, has come to hand from 
Sir W. G. Armstrong hitworth and Co., Limited, 
8, St. George-street, London, 8.W. 1. 


Calorimeter.—The Berthelot-Mahler bomb calorimeter 
for solid and liquid fuels is illustrated with lists of prices 
in a catalogue issued by Messrs. A. Gallenkamp and Co., 
Limited, 19, Sun-street, London, E.C. 2. In this calori- 
meter the design of the bomb has been modified by 
Dr. K. Kroeker. 


Salvage Pumps.—Several types of salv pumps, for 
steam engine and oil engine drive, are described in a 
catalogue received from Messrs. Gwynnes ag cae 
Company, Limited, Hammersmith, London, W. Severa 





excellent illustrations of wrecked vessels and salving 
operations are included. 


Small Craft.—A booklet containing about 30 illus- 
trations of small craft, mainly for river, harbour or 
coasting service, and including barges, lighters, light- 
ships, tugs, sailing and steam-driven boats, is to hand 
from Messrs. J. 8. Watson, Limited, Gainsborough, who 
have completed over 1,000 of such vessels. 


Electrical Machinery.—A catalogue of steam-driven 
and gas-driven generating sets, motors, alternators, 
motor generators, special hoisting and air-circulating 
machines, portable electric tools, &c., is to hand from 
Messrs. Campbell and Isherwood, Bootle, Lancashire. 
Types for both marine and industrial use are shown. 


Electric Transformeré.—The process of “‘ drying out” 
when installing transformer plant is explained in the 
sixth number of Transformer Abstracts, issued by Messrs. 
Johnson and Phillips, Limited, Charlton, London, 8.E. 7. 
The various methods are explained, with notes on the 
o—_ risks and much useful information of a practical 
character, 


Boilers.—Lancashire boilers for collieries, suitable 
for pressures up to 200 lb. per square inch, and fitted 
for hand firing, or with any make of mechanical stoker, 
are illustra in a catalogue received from Messrs, 
Ruston and Hornsby, Limited, Lincoln, Other types 
of boilers, including return-tube, multi-tubular, loco- 
motives and vertical, are also shown. 


Presses.—A series of machines for producing hot 
brass es for blanking, piercing, shearing, 
trimming, em ing and combination die worki are 
illustrated in a priced list received from Messrs. John 
Hands and Sons, Limited, Belmont-row, Birmingham. 
These presses are variously designed and —— 
so that one specially suitable and economical for any 
particular class of work may be selected. 


Miners’ Lamps.—The miner’s electric lamp made by 
Messrs. Oldham and Son, Limited, Denton, Manchester, 
as explained in their catalogue, shows all the ingenuity 
of construction which characterises these products, 
especially in attaining reliability and lightness. The 
lamp is attached to the front of the miner’s cap and the 
accumulator is carried at his side. The weight of the 
cap fitting is 8 ounces and of the complete outhit 5} lb. 


Steel Buildings.—A very handsome and _ interesting 
catalogue of steel-frame buildings is to hand from 
Messrs. Brownlie and Murray, Limited, Possilpark, 
Glasgow. Most of the illustrations represent very large 
builds , such as engineering works, foundries, factories, 
exhibition domes, but sheds and bungalows are also 
illustrated, as well as a lattice girder bridge. The 
structures are sent out ready for erection, and the firm 
offer designs and estimates free. 


Steel Manufactures.—Some catalogues of very widely 
useful productions in steel are to hand from Messrs. 
Frederick Braby and Co., Limited, Glasgow. One 
refers to a weather bar for steel casements ; another to 
hand-barrows with one and two wheels in a variety of 
special shapes ; and a third is devoted to bins, shelving, 
racks, tool stands and small office frames. All these 
articles have been produced in serviceable forms and with 
considerable regard to neatness of design, 

Pipe Joints.—The pipe joint designed by Dr. H. 8. 
Hele-Shaw and Mr. £. Tribe is now manufactured by 
the Victory Pipe Joint Company, Limited, 28, Victoria- 
street, London, 8.W. 1, from whom we have received 
a catalogue containing extensive lists of the sizes made 
for water pressures of 70 Ib. to 300 Ib. per square inch, 
These pipes are suitable for water, air, oil, petrol and gas, 
as well as for water. Most British tube makers now 
supply pipes with ends to suit this form of joint. 


Exhausters.—A handsome and comprehensive cata- 
logue of exhausters, containing much useful explanatory 
and technical matter, is to hand from Messrs. George 
Walter and Son, Limited, Stroud, Gloucestershire. 
The machines are arranged for belt, electric motor, steam 
engine and gas engine driving. All the fittings and 
methods of lubrication are described in the catalogue, and 
the general information will be helpful in selecting, 
maintaining and judging the performance of such plant. 


Cold Rolling and Drawing Machinery.—A set of three 
catalogues received from Messrs, Fisher, Humphries and 
Co., Limited, Pershore, Worcestershire, describe machines 
for cold rolling and tube drawing, covering practically the 
whole of the processes including billet piercing, rolling, 
drawing, straightening, coning, corrugating, en &e. 
Presses, hydraulic pumps, rubber tyre-making machines, 
&c., involving similar construction are also included, 
The range of rolling and drawing machines is well illus- 
trated and notes of much practical interest are given, 








SuHrrsuILpING In Danish Docxyarps.—Some com- 
ment has recently been made upon the high cost of the 
work in the Royal Dockyard in Copenhagen, where 
vessels of diverse characters are under construction, The 
dockyard has built a steam ferry for the State Railways, 
and this has cost about five times as much as was esti- 
mated. The dockyard authorities admit that the yard is 
not specially laid out for building steam ferries, although 
others have been built for the State Railways. t 
present the dockyard is building a coaling steamer with 
a capacity of rather more than 2,000 tons, and this boat, 
it is stated, will cost 3,000,000 kronen, This figure, 
it is maintained, is five times the sum uired at the 

resent time to build the boat in a private Danish yard. 
The boat will be used for carrying coal from England to 
the Danish fleet, and also possibly for the State Railways, 
but it is argued that this could be done cheaper by 
chartering vessels in the open market. 
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A METHOD OF DETERMINING THE 
NATURAL PERIODS OF VIBRATION OF 
SHIPS.* 


By Mr. T. C. Tosry, M.A., Member. 

So far as the writer is aware no direct method of attack- 
ing this problem has been put forward which is at once 
adequate and of comparatively easy application along 
the lines of ordinary drawing-office procedure. The 
usual method of estimating the fundamental ——— 
of a ship’s vibration by means of a formula of the charac- 


ter :-— ts 
RP oh He 


ALS 


in which A is an empirical coefficient, leaves much to be 
desired ; for the burden of accuracy in the estimate is 
borne entirely by the coefficient A, which as a rule 
receives the treatment accorded to so many other 
empirical constants in naval architecture. 

The method of direct attack suggested in what follows 
is based on the theory of vibrating bars made familiar 
by the work of the late Lord Rayleigh. For this purpose 
a ship is conceived as corresponding to a bar in lateral 
vibration, and it is evident of course that the variation 
in the distribution of the weight throughout the length 
of the vessel, as well as the variation of the ship’s structure 
prevent it from being considered as a uniform bar. In 
the usual formula just quoted these variations meet in 
the one constant A; and the success of the ordinary 
procedure depends on.a knowledge of the fundamental 
periods of some ship which is sufficiently similar to the 
one under consideration, to ensure that the errors due to 
differences of weight and strength distribution are 
negligible. The necessary condition holds in very few 
cases, and the formula affords no means of estimating 
the periods for any novel distribution. In the procedure 
to be outlined the variations are dealt with on their 
own merits. Were the ship a uniform bar the frequency 
of its periods would be given by :— 

pu. ™, /El-9 

2r AL 
where E is Young’s modulus for the material of the 
structure ; I the moment of inertia of the cross-section 
of the bar; A the weight in tons; L the length in feet ; 
g the gravitational constant ; and n a numerical magni- 
tude depending on the mode of vibration. When the 


mass and rigidity vary along the length of the bar, the 
frequency is modified to p where 


1 + dele 
1 + da/a 
This may be taken to be true to a close approximation, 
so long as the type of vibration remains approximately 
normal. 

This modification was originally devised to meet the 
case of small variations of mass and flexural rigidity, and 
it does not necessarily follow that the method would 
give close results when the variations are somewhat large. 

t appeared, however, to the writer that for a large body, 
such as a ship, there was a possibility of the vibrations 
not departing from the normal to any great extent, and 
that the pe gre of this formula would give a deter- 
mination of the periods which would be useful for esti- 
mating purposes, 

The quantities a, da, c, de, are determined as follows : 
The weight distribution curve W, Fig. 1, is plotted for the 
vessel, and the mean weight line drawn; the auxiliary 
curve A is also drawn covering the same range as the 
weight curve; the difference of the ordinates of the 
weight curve and the mean weight line at any given point 
in the length is multiplied by the ordinate of the auxiliary 
curve A at that point, and the series of products thus 
obtained plotted as a curve over the whole range, as B, 
Fig. 2. The area of the B curve is integrated by an 
convenient method, mechanical or otherwise, and this 
integral is the quantity da; the integral of the auxiliary 
curve A multiplied by the integral of the weight curve, 
both taken over the range of length, gives the quantity a ; 


hence dividing one by the other we obtain @%. 


p=P (See Appendix.)t 


de 


Tn a similar manner — is obtained, by using, instead of 
the weight curve, a curve giving the distribution of the 
moment of inertia (I) throughout the length, and another 
appropriate auxiliary curve C, to obtain the curve D in 
Fig. 2. The ship may be compared to a bar which has 
both ends unconstrained, or in the Rayleigh nomen- 
clature a “free-free”’ bar. Such a bar may of course 
vibrate in a two-node, three-node, four-node, . . . 
r-node manner. For each node of vibration a particular 
auxiliary curve for each of the Ga and dc determinations 
is required ; those associated with the da for the two., 
three-, and four-node vibrations are shown in Fig. 3, and 
those associated with Gc in Fig. 4. 

As a test of the utility of the metiuod it was applied to 
two ships of widely differing types. The first case was 
that of an oil-tanker, particulars of which were pub- 
lished in the Transactions of the American Society of 
Naval Architects, in 1915.t Investigations carried out 
on this vessel showed that the fundamental period had a 
frequency of 76 vibrations per minute; whilst calcula- 
tions carried out on the lines which have been indicated 
gave the frequency of the two-node vibrations as 75-4 
per minute, on the assumption that Young’s modulus 





* Paper read before the Institution of Naval Archi- 
tects, April 6, 1922. 

+ Pressure on our space precludes the reproduction of 
the Appendix to this paper. 


¢ “The Period of Vibration of a Steamship,” by 
W. Gatewood. 
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had the value of 12,500 inch-ton units. The second case 





was that of a large passenger liner. An extensive series 
of records made with a Schlick pallograph showed that 
under certain observed conditions of loading two clearly 
defined periods of vibration were observable which ap- 
peared to correspond to fundamental periods of the ship, 
and these had frequencies of 58-8 150 per minute. 

The calculation for a two-node vibration carried out 
by the proposed method gave 59-4 as the corresponding 
number of vibrations per minute; the three-node 
calculation resulting in the figure 148-7; the value of 
Young’s modulus E again being assumed to be 12,500. 
In arriving at these figures a correction was made for the 
rotatory inertia effect in the manner suggested in 
the appendix. For the two-node vibration it was of the 
order of 2} per cent., and for the three-node about 
3¢percent. The effect of the varying local displacement 
was also estimated as indicated in the appendix, and 
found to be quite negligible as might have been expected ; 
the mean vole of F in this case was about 2-6 tons. 





Had second order terms expressing the interaction of 
modified two-node and three-node types of vibration been 





taken into account it would have resulted in a slight 
shortening of the three-node period and a slight lengthen- 
ing of the two-node ; this would have probably brought 
the ratio of the two periods more nearly into corre- 
spondence with the observed values. As it is, the 
correspondence is close enough to suggest that the 





method may prove a reliable one for ne, the 
values of the two gravest modes of vibration. It is 
interesting to note that the same value of E fits the solu- 
tion in both cases ; and this is the only quantity whose 
value is directly assumed. From the opposite point of 
view it may be regarded as in some sense a corroboration 
that this value of E is an approximately correct one to 
use with ship structures of this type, when the values of 
I are estimated in the usual manner. 

A calculation of the four-node vibration of the liner 
was also made, giving as a result a frequency of 269 per 
minute; the observed vibrations of the vessel gave, 
however, no decisive indications for this third funda- 
mental mode of vibration. The value of the rotatory 
inertia correction in this case was of the order of 7} per 
cent. It would be extremely interesting to have addi- 
tional verification that the method gives results in har- 
mony with observed vibrations of ships; unfortunately 
the time at the author's disposal did not permit him to 
test its validity further, but it is hoped that what has 
been said will be sufficient to indicate that the procedure 
merits the attention of those who may have to deal with 
concrete cases of vibration. 





Bexwaviour oF CoonmpGe Rapiatror Tusss,—The 





radiator tube of Coolidge differs from the ordinary tube 
in having an anode of copper, in the face of which a 
button of tungsten is mounted which is the target proper, 
whilst the other end of the copper rod is provided 
outside the glass tube, with radiator fins of copper 
to disperse the heat. It was noticed in the Research 
Department, Woolwich, that the current of the tube, 
started cold with 9 milliamperes (m.a.) would in 3 minutes 
fall to 3 m.a, ; the current recovered on allowing the tube 
to cool, but the subsequent decay was more rapid when 
the cooling period was short. Investigating this trouble, 
Mr. D. E, Thomas, M.A. (Research Department, Wool- 
wich, Report No. 52; H.M. Stationery Office: price 
ls. 6d.), observed that there was a strong negative 
surface charge on the outside of the worked tube, the 
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gradient of the charge increasing rapidly on the anode 
stem of the tube, rising near the inner radiator end to 
80,000 volts. This, however, had nothing to do with 
the decay in the current intensity which seems to be 
due, as Langmuir had suggested, to the discharge of 
residual gas from the hot copper of the anode. By means 
of pinhole photographs Thomas also found that the 
focal spot was oval for small currents, but became more 
round as the current intensity increased and that X-rays 
are emitted by various parts of the copper anode and 
also by the molybdenum hood which surrounds the 
filament of the cathode. These interesting pinhole 
potegrepe are reproduced in the report. Coolidge 
himself has taken similar photographs, and the un- 
steadiness of the focal spot is one of the troubles which 
Pilienfeld hoped to suppress in his X-ray bulb of peculiar 
construction to which we have referred on other 
occasions. According to Mr. Thomas good cooling is the 
cure for the current decay. 


TUNGSTEN IN THE BoutpEeR County, Cororapo.— 
Up till the end of 1918 the Boulder county of Colorado 
ranked as one of the foremost tungsten-producing 
districts of the world. That county had, together with 
the Caribou mines, erroneously been heralded in 1870 
as one of the richest silver districts of the world, and no 
attention was paid to the heavy dark mineral found 
there, called “ barren silver,” “‘ black iron,” etc., before 
1900, when 46 short tons of tungsten concentrates were 
produced there. By 1913 the production of tungsten 
concentrates in the Unites States had risen to over 
1,500 tons; in 1916 it jumped to 5,923 tons, in 1917 to 
6,144 tons, but in 1918 it went down again to 5,061 tons, 
and in 1919 to 327 tons. The mines could, in 1919, no 
longer compete with ores imported from China, Burma 
and South America; in fact, all the producers were 
forced to suspend operations, and tariff protection is 
now demanded. The fluctuating world’s production of 
tungsten concentrates had reached 8,864 tons by 1913; 
it rose to 25,523 and 37,865 tons in 1917 and 1918, 
but was down to 12,000 tons in 1919. The main tungsten 
ore of the district, we see from Bulletin No. 187 of the 
United States Bureau of Mines on the “Treatment of 
the Tungsten Ores of ulder County, Colorado” (by 
J. P. Bonardi and J. C. Williams) is the mineral ferberite, 
iron tungstate, which is rare elsewhere. The ferberite 
crystals have a specific gravity of 7-5. They are black 
or brown and generally pure, bei associated only 
with quartz, sometimes most intimately. The hardness 
is 5, but the crystals are very brittle and prone to 
sliming, and concentration is difficult. The pure iron 
tungstate, FeWO,4, contains about 76 per cent. _of 
tungstic acid, WO; The Bulletin deals more with 
the concentration than with the smelting. The con- 
centrates are either fused with soda and salt in iroa pans 
in a brick furnace to yield tun jie acid, or they are 
smelted in electric furnaces whita consist of a brick 
base containing the one electrode, a knock down steel 
shell, 4} it. in diameter and height, lowered on the base, 
and upper graphite electrodes. The charge consists of 
the ore, lime, silica and coke; the shell is first rammed 
with coke and pitch; currents of 65 volts are used, 
controlled by a Thury regulator ; after 72 hours the slag 
is tap off, and this is continued until a mass of 
5,000 lb. of ferrotungsten is obtained, when the shell 
is lifted off. Direct tapping of the alloy of 70 to 75 
per cent., which melts at about 2.500 deg. C., does not 
answer. Refining processes are also used, 





